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The objective of the Drainage Design Manual for Maricopa County, Volume I, Hydrology,
(hereinafter referred to as the Hydrology Manual) is to provide technical procedures for the
estimation of flood discharges for the purpose of designing stormwater drainage facilities in
Maricopa County. Two methodologies are defined forthe development of design discharges;
the Rational Method, and rainfall-runoff modeling using a design storm, For small, urban
watersheds, less than 160 acres and fairly uniform land-use, the Rational Method is
acceptable. Use of this method will only produce. peak discharges and runof¥f volumes and
this method should not be used if a complete runoff hydrograph is needed, such as for routing
through detention facilities. For larger, more complex watersheds or drainage networks, a
rainfall-runoff model should be developed. The Hydrology Manual provides guidance in the
development of such a model and the estimation of the necessary input parameters to the
model. Although not necessarily required, the use of the U.S. Army Corps of Engineers’
HEC-1 Flood Hydrology Program facilitates the use of the procedures that are contained in
the Hydrology Manual, (The Hydrology Manual was written to supplement the HEC-!
User's Manual )

The Hydrology Manual can be used to develop design discharge magnitudes for storms of
frequencies up to and including the 100-year event. The design storm is of 6-hour duration
and that storm is to be used for the design of all stormwater drainage facilities except
detention and retention basins. According to the Uniform Drainage Policies and Standards
for Maricopa County, Arizona (February 25, 1987), all development shall make provisions
to retain the peak flow and volume of runoff from rainfall events up to and including the
100-year, 2-hour duration storm falling within the boundaries of the proposed development.
Accordingly, the criteria to be applied to the 2-hour storm is also provided in the Hydrology
Marual. _

The rainfall-runoff modeling procedure that is contained in the manual is physically based,
that is, the procedures are based—to the extent practical—on the physical processes that
occur during the generation of storm runoff from ramfall. While the basic procedure is
physically based, this does not assure that the rigorous application of the procedures will, in
fact, reproduce the actual rainfall-runoff phenomenon of any storm that has occurred or may
occur in the future. However, the procedure, when applied with good hydrologic judgement,
should yield consistent results for design purposes.
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Throughout the development of the Hydrology Manual three benchmarks were continually
applied in judging the applicability ¢f individual procedures and the overall methodologies;
accuracy, practicality, and reproducibility. Accuracy is a measure of how well the results of
the procedure reprodice the physical process being simulated. Although accuracy is highly
desired, it is theorcticallv impossible to achieve in an earth science such as hydrology, and
in a practical sense, accuracy 1s not feasible to assess except for a few situations where
adequate verification data are available, Relative accuracy was assessed throughout the
development of the procedures in the manual through testing and verification against
recorded data.

Practicality is a user’s decision regarding the best and most appropniate level of technology
to apply considering the information'that is avatlable, anticipated user, consequences of error,
and desired or required output. Whereas both simpler procedures and more sophisticated
procedures are available, the adopted methodoiogics provide a compromise between these
two extremes, and the best practical level of technology is judged to be recommended in the
manual considering the srate of current hydrologic knowledge of arid and semi-and lands.

Reproducibifity is a characteristic that provides a reasonable assurance that consistent results
will be achieved by all gualified users. Reproducibility is highly desirable for a design
standard in order to eliminate—to the extent possible—unnecessary conflicts over the
interpretation and application of the design method. Reproducibility is achieved through
clear and concise mannal procedures and user guidance. Every effort has been made toward
this end.

A brief discussion of the contents of each chapter of the Hydrology Manual follows:

Chapter 1, Introduction: The introduction states the purpose, scope and limitations, and
general use of the manual.

Chapter 2, Rainfall: The characteristics of severe storms in Maricopa County arc documented
as a sefting for defining the design rainfall criteria. Procedures and information are
provided for the determination of depth-duration-frequency statistics of storms in
Maricopa County. These are denved from NOAA Atlas 2, Arizona, which is the most
comprehensive and authoritative source of such information. The limitations and
potential inaccuracy of the NOAA Atlas ave recognized and until an equivalently
accepted source of rainfall statistics is provided, this source must be used. Recent
reanalysis of the short duration (less than |-hour) rainfalls by the National Oceano-
graphic and Atmospheric Administration have been used as a supplement to the NOAA
Atlas.

The temporal distribution of rainfall for the majority of design conditions is a 6-hour
local storm. The 6-hour stonmn distribution is based on an analysis by the U.S. Amy
Corps of Engineers, Los Angeles District, of the August 19, 1954 Queen Creek storm,
The Corps’ distribution has been modified somewhat to reflect the destgn rainfall
criteriathat is desired foruse in Maricopa County, and this modification includes using
the hypothetical distribution for drainage areas less than 0.5 square mile. The temporal
distribution is a function of drainage area and this is to reflect the spatial variability of
rainfall intensities that are known to exist with severe local storms in Maricopa County.
A 2-hour distnbution is provided for use in the design of detention/retention facilities,
The reduction of rainfall depth with storm area for the 6-hour ratnfall ts accounted for
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by a depth-area reduction curve based on the 1954 Queen Creek storm. In some cascs
a general storm may be the accepted design rainfall, In Maricopa County, the general
storm to be used is the SCS Type II pattem using NWS HYDRO-40 areal reductions
of point rainfall.

Chapter 3, Rational Method: Use of the Rational Method is to be limited to areas of up to
160 areas, and 1s generally limited to urbanized conditions. The watershed should be
of uniform land use for application of this method. Intensity-duration-frequency
(I-D-F) statistics are to-be obtained from the information contained in Chapter 2, and
an I-D-F curve for general use is contained inthe manual.»An-equation for the
estimation of time of concentration is provided which is a partial function of rainfall
intensity. Values of the runoff coefficient “C” 1o be applied to vanous land uses in
Maricopa County are provided.

Chapter 4, Rainfall Losses: The preferred method for the estimation of rainfall losses is the
Green and:Ampt infiltration equation with an estimate -of surface retention loss. This
requires the classification of soil according to soiltexture, which is available for most
‘of Maricopa County. Adjustment of the'loss rate 1s'available as afunction of vegetation
cover. Other methods are available to estimate rainfall losses if adequate soils and/or
vegetation data are not available,

Chapter 5, Unit Hydrograph Procedures: The use of unit hydrographs to route rainfall excess
from the land’s surface 1s recommended and the procedures recommended to do so are
either the Clark unit hydrograph or the application of selected S-graphs. The Clark unit
hydrograph is recommended for watersheds or subbasins less than five square miles
in size with an upper limit of application of ten square miles. Procedures are provided
for the estimation of the two numeric parameters: ime of concentration and storage
coefficient, Two default time-area relations are provided; one [or urban watersheds
and the other for natural watersheds. Four S-graphs have been selected for use in flood
hydrology studies of major watercourses in Mancopa County. The Phoemix Mountain,
Phoenix Valley, Desert/Rangeland, and the Agnicultural S-graphs are described and
guidelines are provided for their selection. A procedure is provided for the estimation
of the S-graph parameter, lag.

Chapter 6, Channel Routing: General guidance is provided for the use of Kinematic Wave
routing, Muskingum and Muskingum-Cunge routing, and Normal-Depth routing.
Kinematic Wave routing can be applied to urbanized or artificial channels and closed
conduits. Muskingum routing is to be used for large natural channels where parameter
calibration data exists. Muskingum-Cunge or Nommal-Depth routing may be used 1n
all other cases.

Chapter 7, Application: General guidelines and some specific aids in the use of the manual
are provided in this chapter.

Appendices: Loss rate tables for soils in Manicopa County, Textural Class Diagram, selected
blank figures, worksheets, and other supporting information are provided in the
appendices. Appendix H compares flood estimates obtained using the methods in this
manual with estimates obtained by other methods that are, or have been, used in
Maricopa County.

. Examples: Detailed examples are provided that clearly illustrate the use of the procedures
in practical applications.
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Drainage Design M
Maricopa

Volume I, Hydrology
Revision I

Changes to the original Hydrologic Design Manual for Maricopa County dated Septem-

ber 1
1.

, 1990:

Thetitle of the document has changed. The hydrology and hydraulics manuals
are now the Drainage Design Manual for Maricopa County, Volumes I and II,
respectively.

A copy of the Agenda Form, signed by the Board of Directors on April 15, 1991,
is included. This form indicates forma} adoption of the manual, requiring its
use by jurisidictions that cost-share with the District in flood centrol projects,
by contractors working for the District, and by all parties submitting drainage
reports and studies to the District for review and approval.

Page numbering has changed to section numbering rather than consecutive
(i.e, 1-1,2-1, 3-1, etc.).

Chapter 2; Therainfall chapter has been substantially condensed. The computer
program PREFRE has been added to ease development of rainfall statistics for
sites outside the Phoenix metropolitan area. The PREFRE user's manual is
included with the manual as Appendix ]. An additional isopluvial map with
2-hour, 100-year depths has been added.

Chapter 3: New roughness factor descriptions were developed. “C” coefficients
will now be adjusted to reflect storm frequency, and a new table is included.
A computer program RATIONAL.EXE is included for development of dis-
charges and volumes using the Rational Method.

Chapter 4: The methodology used to develop Green and Ampt loss parameters
has been substantially modified and simplified. The section on the Initial plus
Uniform Loss Rate Method has been reduced, and limitations for the use of
that method are provided. An equation is provided for calculation of the
XKSAT vegetation adjustment coefficient.

JUnB1.1992
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Chapter 5: New land classification descriptions are provided to facilitate selec-
tion of parameters in the Kb equation. An error was corrected in the Lag
equation (the Corps of Engineers uses C = 24 K instead of C = 20 KnJ. The
MCUHPT and MCUHP2 computer programs were revised to reflect our
change of address, some additional data inputs wereadded to facilitate review,
and an error was corrected in the 2-hour storm distribution (the program was
underestimating Tc because of an incorrect summation of the first three rainfall
excess values). '

Chapter 6: The routing chapter now includes guidance on using the Muskin-
gum-Cunge routing option recently available in HEC-1. A sample problem is
included in the Examples section.

Chapter 7, the Appendices, and the Examples have all been updated to
incorporate the changes outlined above.

Juns 1, 19
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Drainage Design M
Maricops

Volume I, Hydrology
Revision I1

In addition tothe correction of a few typographical errors, changes of January 1, 1995 revision
of the Drainage Design Manual, Volume I, Hydrology include the following: -

1. Chapter 2: The SCS Type 11 rainfall distribution is recommended for use for the 24-hour
general design storm. Areal reductions of point rainfall are to be made with Table 2.1a
which s based on the NWS-HYDRO 40 data. Guidelines have also been added as to
when to select the general storm for use in design hvdrolegy in-Maricopa County.

[

Chapter 3: The RATIONAL EXE program has been updated tc better match 10-year
rainfall intensities for durations between 10 and 20 minutes as shown on the I-D-F curve,
Figure 3.2, The revised program 1s supplied on the DDMS diskette available with this
revision (see 6. below).

Chapter 4. A table has been added to help with the selection of 1A, RTIMP, and percent
vegetation cover for representative urban land use types in Maricopa County.

LN}

4, Chapter 5: Two new S-graphs have been added for use in Maricopa County. The newly
added S-graphs are the Desert/Rangeland S-graph and the Agricultural S-graph. A table
has also been added to facilitate the selection of S-graph type and Kn values for those
S-graphs for estimation of basin lag time.

5. Chapter 6: The Normal-Depth routing method has been added to the Manual as an
additional routing method for use in flood hydrology studies in Maricopa County.

6. Appendix I A new computer program and user’s guide have been added to this revision
of the Manual. The new program brings together the PREFRE program, a modified
version of the loss parameter spreadsheet functionality, and the MCUHP programs to
speed up the creation of HEC-1 models using the methodologies recommended in the
Manual. Additionally, two changes have been made to the MCUHP programs. First, the
SCS Type II 24-hour design storm temporal distribution has been corrected and is now
entered into the HEC-1 data file as a 15 minute distribution. Second, the two S-graphs
added to Chapter 5 have been incorporated into the MCUHP2 program.

7. Appendix K: An appendix of Kn values for various real watersheds has been supplied for
additional help in the seiection of watershed Kn values. These data were taken from a
report by George V. Sabol Consulting Engineers, Inc., performed for the District since
the last Manual revision.

L 3 e
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Introd

Purpose

In April 1985 a task force was formed by the Flood Control District of Maricopa County
to establish a common basis for drainage management in all jurisdictions within
Maricopa County. Among the goals of the task force were provisions for consistent
analysis of drainage requirements, reducing costs and staff time when annexing
County areas, and supplying equal and common protection from the hazards of
stormwater drainage for all County residents. Additionally, developers would be
benefitted by having only one set of drainage standards with which to comply when
developing land within the incorporated or unincorporated areas of Maricopa County.
The task force determined that these efforts would be achieved in three phases:

Phasel Research, evaluate, develop, and produce uniform criteria for drainage
of new development which resulted in the Uniform Drainage Policies and
Standards for Maricopa County.

Phase2 Establish a Drainage Design Manual for use by all jurisdictional agencies
within the County.

Phase3 Prepareanin-depthevaluation of regional rainfalldataand establish precipita-
tion design rainfall guidelines and isohyetal maps for Maricopa County.

As a part of Phase 2, the Drainage Design Manual for Maricopa County, Volume I,
Hydrology, will provide the necessary data for Volume II, Hydraulics.

- Scope and Limitation

When using the procedures detailed in this manual, it is important to keep several
things in mind. First, this is a hydrologic design manual. The methods, techniques and
parameter values described herein are not necessarily valid for real-time prediction
of flow values, nor for recreating historic events—although some of the methods
are physically based and would be amenable for uses other than design hydrology.

Second, the lack of runoff data for urbanizing areas of the County, for the most part,
precludes the use of flood frequency analysis for stormwater drainage design. For
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Using this Manual

those watercourses with sufficient record, flood frequency analysis may be accept-
able. Similarly, for those watercourses with established regulatory floodpiains, the
FEMA accepted flood frequency curves may be used for design purposes, unless
they are demonstrably inappropriate. The purpose of this manual is to provide a
means of assisting in the prediction of runoff whichmight result froma designstorm
of a given return interval.

Third, the design storm has no point cf reference in terms of a singular historicevent.

- Rather, it-is intended to provide the best available information by utilizing historic
data as well as other precipitation design concepts. The design storm provides not
only the peak intensities which would be expected froma storm of a given duration
and return interval, but also the volumes associated with it. The tables describing
the tempora!l distribution of the design storm for use in a hydrologic model, i.e.,
HEC-1, are approximately equivalent to the graphs used to determine the rainfall
intensity to be used in the Rational Method. The net effect is that regardless of the
size of the area being investigated or the method of analysis, the same design storm
is used as the driving input.

Using this Manual

The use of the methods presented in this manual, even the rigorous application thereof, in
no way ensures that the predicted values are reasonable or correct. Hydrology is a
discipline which, in some respects, is much like music—quality requires not only
technical competence but also a feel for what is right. It often requires the exercise
of hydrologic judgement. The Flood Control District of Maricopa County does not
wartant or guarantee the reliability of the hydrologic methods, techniques, and /or
parameter values set forth in this design manual. The user of the Hydroiogic Design
Manual has no right to rely or depend on the methodology, techniques, and /or
parameter values described herein. The user of this manual is thus directed to
validate the reasonableness of the predicted values by applying alternative
methods, such as envelope curves, regression equations, or other checks whichhave
been developed for this area. Failure to do so may result in erroneous values.

Section 7 of this manual is intended to provide some general suggestions for the
userattempting tosolve a particular problem. A number of examples weredesigned
to aid the user with the development of input variables and parameter estimation.

It isnot the intent nor purpose of this manual to inhibit sound innovative design or
the use of new techniques. Therefore, where special conditions or needs exist, other
methods and procedures may be used with prior approwal.

It is anticipated that, over time, as more data becomes available and/or more
appropriate techniques are developed, this manual will be revised. With the excep-
tion of minor editorial corrections, such revisions will probably take place every
three to five years. If, in the intervening period, gross inadequacies/inaccuracies
are found with any of these procedures, they should be brought to the attention of
the Flood Control District of Maricopa County, or any other agency that might
subscribe to these suggested procedures.
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Application

:* The contents of this manual. with the exception of Chapter 3 (Rational Method),
were prepared to supplement the HEC-1 User's Manual (U.S. Army Corps of
Engineers, September, 1990). Although the use of the HEC-1 Flood Hydrology
Program is not required in conjunction with the procedures in this manual, its use
will greatly facilitiate the execution of the recommended procedures that are
contained herein. To further enhance and simplify the use of the HEC-1 Program
with the procedures in this manual, the Flood Control District has written two
HEC-1 input loader programs, MCUHP1 and MCUHP?2 (see Appendix I), that
interactively convert screen-prompted keyboard input into a HEC-1 input file.
MCUHP1 is written for use with the Clark Unit Hydrograph option and MCUHTP2
is writien for use with the S-graph option, and are provided with the Hydrology
Manual.




General

2.1.1

Precipitation in Maricopa County is strongly influenced by variation in climate,

changing from a warm and semi-arid desert environment at lower elevations to a
seasonally cool and moderately humid mountain environment. Mean annual
precipitation ranges from about 7 inches in the Phoenix vicinity to more than 25
inches in the mountain regions of northern Maricopa County. Precipitation is
typically divided into two seasons of comparative rainfall depths: summer (June
through October) and winter (December through March). Warm, moist tropical air
can move into Arizona at anytime of the year, but most often does so in the summer
months, resuiting in severe storms and local flooding. Storms cf iarge areal extent
are usually associated with frontal or convergence storm activity iat may result in
iong duratior: rainfall and flooding of major drainage watercours<:. These types of
storms and flooding usually occur in the winter, but occasionally occur in the
summer.

Storm and Flood Occurrence in Maricopa County

Storms in Maricopa County are often classified as general winter, general summer,
and local storms. General storms are usually frontal or convergence type that cover
large areas and have traditionally contributed to flooding of the major drainage
watercourses in the County. Local storms are usually associated with convective
activity and hence normally occur in the summer, although local storm cells
(typically of lesser intensity than without frontal activity) can be imbedded in larger,
general storm systems.

General winter storms usually move in from the north Pacific Ocean, and produce
light to moderate precipitation over relatively large areas. These storms occur
between late October and May, producing the heaviest precipitation from Decem-
ber to early March. Such storms could last over several days with slight breaks
between individual storms. Because of orographic effects, the ‘mountain areas
generally receive more precipitation than the lower desert areas. These storms are
characterized by low intensity, long duration, and large areal extent, but on oc-
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2.1.2

casion, with an additional surge of moisture from the southwest, can contribute to
substantial runoff volumes and peak discharge on major river systems.

General summer storms are often associated with tropical storms. The Pacific
Ocean north of the equator and south of Mexico is a breeding ground for such
storms. On the average, about two dozen fropical storms and hurricanes are
generated in this area from June through early October. Most move in a
northwesterly direction. The remnants of these storms can be caught up in the large
scale circulation around a low pressure center in southern California and therefore
can bring a persistent flow of moist tropical air into Arizona. The storm pattern
consists of a band of locally heavy rain cells within a larger area of light to moderate
rainfall. Whereas general winter storms can cover much of the state, general
summer storms are more localized along a southeast to northwest band of rainfail.
They are similar to winter storms in that higher elevations receive greater rainfall
because of rrographic influences. The period of late September through October
may have storm patterns which are similar to both general summer and winter
events.

Local storms consist of scattered heavy downpours of rain overareas of up to about
500 square miles for a time period of up to 6 hours. Within the storm area,
exceptionaily heavy rains usually cover up to 20 square miles and often last forless
than 60 minutes. They are typically associated with lightning and thunder, and are
referred to as thunderstorms or cloudbursts. While they can occur any time during
the year, they are more frequent during summer months (July to September) when
tropical moisture pushes into the area from the southeast or southwest. These
storms turn into longer duration events in late summer and may be associat2d with

erp! summer storms (see above). Local storms generally produce record peaks
mail watersheds. They can result in flash floods, and, sometimes, loss of life
property damage.

Design Rainfall Criteria for Maricopa County

The critical flood-producing storm for most watersheds in Maricopa County is the
local storm. The limit of such storms is generally less than 500 square miles with
durations less than 6 hours. Local storms are characterized by central storm cells
(possibly as large as 100 square miles) that produce very high intensity rainfalls for
relatively short durations. The rainfall intensities diminish as the distance from the
storm cell increases. Therefore, for the majority of watersheds and drainage areas
in Maricopa County, the local storm will produce both the largest flood peak
discharge and the greatest runoff volume. Based on a review of meteorologic
studies for Arizona (U.S. Army Corps of Engineers, 1974 and 1982a) and a con-
sideration of severe storms for Maricopa County, it was determined that the 6-hour
local storm should be used as the design storm criteria for watersheds in Maricopa
County with drainage areas of 100 square miles and less.

Record floods for large drainage areas, such as for the Salt River near Phoenix, were
produced by large-scale general storms of multipleday duration and relatively low
rainfall intensities. Therefore, based on that observation, for drainage areas larger
than 500 square miles it was determined that the general storm should be used as
the design storm criteria. Because of the infrequent need for design criteria for such
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Rainfall

large areas as well as other considerations, design rainfall criteria are not defined in
this manual, General storm criteria are to be defined for such large, regional flood
studies on a case-by-case basis so that the most appropriate meteorologic and
hydrologic factors (possibly also including snowmelt for stream baseflow and
watershed antecedent moisture conditions) can be properly considered in the flood

analysis,

For drainage areas between the critical flood-producing upper limit for local storms
(100 square miles), and the lower limit for general.storms.(20 square miles), it can
not be determined whether a local storm or a general storm 'will produce the greatest
flood peak discharges or the maximum flood volumes. For such drainage areas,
generally between 20.and 100 square miles, it is necessary to consider both general
storms and local storms. This may require that site-specific general storm criteria
be developed for the watershed and that various local storms -with critical storm
centering assumptions be developed using the criterta in this manual. Both of these
storm types would be modeled and executed in the watershed model to estimate flood
discharges and runoff volumes. It is possible, -in certain situations, that the local
storm could result in the largest peak discharge and the general storm could result

in the largest runoff volume.

The Uniform Drainage Policies and Standards for Maricopa County, Arizona,
February 1987, stipulates that the 100-year, 2-hour rainfall be used for the design of
retention/detention facilities, As such, criteria are provided in this manual to define
the 100-year, 2-hour rainfall for use in Maricopa County.

The design rainfall criteria to be used in Maricopa County are summarized in Table
2.1. The specific procedures that are needed to define the design rainfall for the
100-year, 2-hour storm and the 6-hour local storm are provided in the following

secflons:

Table 2.1

Design Rainfall Criteria for Maricopa County

Purpose

Criteria

On-Site Retention/Detention Facilities

100-year, 2-hour rainfall as defined in this manual.

All Other Purposes:
Drainage area: 0 to 20 square miles

Drainage area: 20 to 100 square
miles

Drainage area: 100 to 500 square
miles

6-hour local storm as defined in this manual.

Either a critically centered 6-hour local storm as
defined in this manual, or a 24-hour
general storm using the SCS Type i
distribution,

24-hour general storm using the SCS Type il
distributiop.

January 1, 1995
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Rainfall Depth

Rainfall Depth

The most commonly used descriptor of rainfall is the rainfall depth; however, for
modeling purposes, two other types of rainfall descriptors must be defined. First,
the rainfall duration and frequency of occurrence of rainfall depth for that duration
must be assigned. Second, since the rainfall depth is a descriptor of the rainfall
occurrence at a point in space, both the spatial and the temporal distribution of the
rainfall depth must be defined. In this section, the rainfall depth-duration-frequency
statistics for use in Maricopa County are described. Subsequent sections describe
the spatial and temporal distributions that are to be applied for the 6-hour local storm,
and the temporal distribution for the 100-year, 2-hour storm.

Data Analyses

The most comprehensive and available source of rainfall data analysis for Maricopa
County is the NOAA Precipitation-Frequency Atlas of the Western United States,
(Miller and others, 1973). Until a more up-to-date data base and data analysis
becomes available, the NOAA Atlas is to be used for all drainage design purposes
in Maricopa County. The only deviation from the NOAA Atlas procedures that are
currently recommended is the use of the short-duration (less than 1-hour) rainfall
ratios that were published by Arkell and Richards (1986).

Depth-Duration-Frequency Statistics

The depth-duration-frequency (D-D-F) statistics in the NOAA Atlas are shown as a
series of isopluvial maps of Arizona for specified durations and return periods
(frequencies). Selected isopluvial maps for Maricopa County have been reproduced
from the NOAA Atlas and these are contained in the Manual (Figures 2.1 through
2.13). It 1s possible that flood studies of certain large watersheds may require
reference to the NOAA Atlas directly to determine the rainfall depths for the portion
of the watershed that exists outside the boundaries of Maricopa County.

2-4
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Tahle 2.1a

Dapth-Area Reduction Factors for 24-Hour Duration Rainfall

Rainfall

Area Ratio to
| Square Miles N Point Rainfall
. 0 1
10 0.94
20 0.91
30 0.90
40 0.88
50 0.87
60 0.86
70 0.856
B8O L 0.855 ~
80 0.846 ]
100 0.842
110 0.838
120 0.834
130 0.833
140 0.829
150 0.825
200 0.817
- 300 0.80
_____ B 400 0.79
500 | 0.78
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Degth-Area Relation

2.2.3 Rainfall Siatistics for Special Purposes

There mwiny arise situations for special purposes where it is necessary tc define
rainfzii D-D-F statistics other than those provided in Figures 2.1 through 2.13. In
those situations, the isopluvial maps and procedures that are contained in the
MNOAA Atlas along with the short-duration rainfall ratios from Arkell and Richards
{1986) should be used. As an aid in the analyses and development of D-D-F
statistics, a program (PREFRE) written by the Office of Hydrology, National
Oceanic and Atmospheric Administration, and as modified and documented by the
U.S. Bureau of Reclamation (1988), is provided. Use of the PREFRE program to
calculate D-D-F statistics for special purposes is encouraged to minimize analysis
errors and to increase the reproducibility of the rainfall depths that may be calcu-
lated by different users and reviewers. Thediskette included in this manual contains
the PREFRE program as well as the MCUHP1 and MCUHP2 programs. The
PREFRE users’ manual is contained in Appendix ]. Appendix F contains a graph
form for plotting rainfali depth-frequency values.

Users of this manual who may also be interested in defining general storm criteria
for large watersheds, should note that it may be necessary to consider storms of
durations longer than 24 hours. Provision of the 24-hour rainfall statistics does not
preclude the use of a longer duration rainfall if deemed appropriate for a particular
watershed or study. The 24-hour isopluvial maps are provided in this manual for
the user’s convenience because this is the rainfall depth often specified for general
storms. If rainfall depths are needed for a duration longer than 24 hours, plot the
rainfall depth versus rainfall duration for 1-hour to 24-hour (for a given rainfall
frequency) on log-log paper and fit a straight line to the data points. Extend the
straightline to the desired duration(s) and read the corresponding rainfall de1>th(s).

: Depth-Area Relation

! The rainfall depths from the isopluvial maps in Figures 2.1 through 2.13 are point

rainfalls for specified frequencies and durations. This is the depth of rainfall that
is expected to occur at a point or points in a watershed for the specified frequency
and duration. However, this depth is not the areally-averaged rainfall over the
basin that would occur during a storm. A reduction factor is used to convert the
point rainfall to an equivalent uniform depth of rainfall over the entire watershed.
As the watershed area increases, the reduction factor decreases, reflecting the
greater nonhomogeneity of rainfall for storms of larger areas.

Regionalresearch by the Agricultural Research Service, U.S. Department of Agricul-
ture, for the Walnut Gulch Experimental Watershed near Tombstone, Arizona,
indicates that local storms are characterized by relatively small areas of high
intensity rainfall resulting in depth-area reduction curves that decrease rapidly with
increasing area. The U.S. Army Corps of Engineers studied historic storms in
Arizona and published the results of those studies (U.S. Army Corps of Engineers,
1974). The depth-area reduction curve that is to be used in Maricopa County is the
curve that was developed by the U.5. Army Corps of Engineers for the 19 August
1954 Queen Creek Storm. That curve is shown in Figure 2.14 and in Table 2.2.

June 1, 1992
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Figure 2.14
Depth-Area Curve for Maricopa County &6-hour Storm
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Table 2.2
Depth-Area Reduction Factors
for 6-Hour Duration Rainfall

Area, Ratio to
| Sau a:gOMi!e:ﬁ ______ Paint of 180_ainfajj;_m_
A 0.987 -
5 - 0o ]
10 0.94
|20 _ 0.91
L 30 08
40 0.87
50 Q.86
100 080 |
200 ‘ 072 |
300 o . 0.66 ~
: 400 _ _ _ 0.5t
500 0.57

Use the depth-area reduction values from Figure 2.14 or Table 2.2 to correct the
6-hour point rainfall depth from the isopluvial maps (Figures 2.2 through 2.7) for
all flood studies in which the 6-hour local storm is the design rainfall criteria {see
Table 2.1).

Ifthe flood study is for the design of aretention/detention facility fora small drainage
area and the design rainfall ¢riteria is the 100-year, 2-hour storm, then the point
rainfalt depths from Figure 2.1 are not to be reduced for area. This is because local
retention/detention basins will be provided only for very small drainage areas and
the point rainfall from Figure 2.1 is representative of the equivalent uniform depth
of rainfall over the entire contributing area,

If a general storm 1s the accepted design rainfall critena (as opposed to the 6-hour
local storm as defined in this manual), then the appropriate depth-area reduction
curve will need to be defined to correspond with the rainfall duration and the
temporal distribution of the general storm. Usually the general storm for use in
Maricopa County is the SCS Type II 24-hour design rainfall. Areal reductions for
point rainfall for this 24-hour storm should be performed using Table 2.1a. The data
for Table 2.1a have been taken from Figure 15 of the NWS HYDRO-40 (Zehr and
Myers, 1984). For other general storms, the depth-area reduction and temporal
distribution will need to be performed on a case-by-case basis depending on the
purpose of the study, location of the watershed, and other meteorological and
hydrological factors.

2.3.1 Procedure for Depth-Area Adjustment
The following procedure is to be used with the 6-hour local storm rainfall depths
(Figures 2.2 through 2.7):
1. Determine the size of the drainage area.

220 i “January 1, 1895



Rainfall

i

2. Caleulate the point rainfall depth, or the arcally-averaged point rainfall depth, from

Fisures 2.2 through 2.7 depending on the desired rainfall {requency.
a g P g q y

Use either Figure 2.14 or Table 2.2 to determine the depth-area reduction factor.

4, Muluply the point rainfall depth by the appropriate depth-area reduction factor. This

is the equivalent uniform depth of rainfall that is to be applied to the entire watershed.

Design Storm Distributions

According to Table 2.1, three types of design storm distributions are to be used in
Maricopa County. This Manual contains information for two of those design storm
distributions; the 2-hour storm for the design of retention/detention basins, and the 6-hour
local storin. Information for the 'SCS Type II 24-hour storm has been encoded in the
MCUHP programs. Otherwise data regarding the SCS 24-hour storm is generally
available elsewhere. Distributions for other general storms for larger watersheds will need
to be developed on a case-by-case basis based on appropriate meteorologic and hydrologic
factors.

.1 2-hour Storm Distribution

The 2-hour storm distribution is to be used for the design of retention/detention basins
(see Table 2.1). The 2-hour distribution shown in Figure 2.15 and Table 2.3 is a
dimensionless forin of the 2-hour hypothetical distribution for the Phoenix Sky Harbor
Alrport location. This distribution can be applied throughout Maricopa Couwity tor the
desien of retention/detention facilities.

Table 2.3
2-Hour Storm Distribution for Retention Design
Time (minutes) | % Rainfall Depth | TIme (minutes) ! % Rainfall Depth
0 0.0 |
5 1.1 65 60.1 ]
10 1.8 70 743
| 15 2.3 75 ! 86.3
I 20 2.8 80 90.1
25 3.2 85 23.0
30 4.6 90 954
35 7.1 a5 96.2
L 40 10.0 100 57.0
45 | 137 105 87.7
50 17.6 110 88,2
55 23.2 115 9g.2
60 . 32.7 120 100.0
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Figure 2.15
2-Hour Mass Curve for Retention Design

2.4.2 6-hour Storm Distribution

The 6-hour storm distributions are used for flood studies in Maricopa County of drainage
areas less than 20 square miles. except for on-site retention/detention facilities (see Table
2.1). These distributions would also be used for drainage areas larger than 20 square
miles and smaller than 100 square miles by critically centering the storm over all or
portions of the drainage area to estimate the peak flood discharges that could be realized
on such watersheds due to the occurrence of a local storm over the watershed,

The Maricopa County 6-hour local storm distributions consist of five dimensionless storm
patterns. Pattern No. 1 represents the rainfall intensities that can be expected in the “eve”™
of a local storm. These high, short-duration rainfall intensities would only occur over a
relatively small area near the center of the storm cell. Pattern No. 1 is an offset.
dimensionless form of the hypothetical distribution derived from rainfall statistics found
in NOAA Atlas for the Western United States, Arizona { Miller and others, 1973 )




Ralnfall

and Arkell and Richards (1986) for the Phoenix Sky Harbor Airport location.
Pattern Numbers 2 through 5 are modifications of the U.S. Army Corps of Engineers
{1974) analysis of the Queen Creek storm of 19 August 1954. The dimensionless
form of these 6-hour storm distributions are shown in Figure 2.16 and Table 2.4.

Inspection of the storm patterns in Figure 2.16 indicates that the peak rainfall
intensities are much greater for Pattern No. 1 than for the other pattern numbers,
and that peak rainfall intensity decreases as the pattern number increases. The
selection of the pattern number is based on the size of the drainage area under
consideration, as shown in Figure 2.17. Asillustrated by Figures 2.16 and 2.17, the
maximum rainfall intensities, averaged over the entire drainage area, decrease as
the size of the drainage area increases. This is to account for the spatial variability
of local storm rainfall wherein the maximum rainfall intensities occur at the rela-
tively small eye of the storm but that the qverage rainfall intensities over the storm
area decrease as the storm area increases.

Procedure for using the 6-hour Storm Patterns
The following procedure is to be used for 6-hour Local Storm criteria:

1. Determine the size of the drainage area.

2. The equivalent uniform depth of rainfall for the drainage area would be
calculated as described in Section 2.3.1.

W

Figure 2.17 is used to select the appropriate pattern number (round to the
nearest 0.1 of the pattern number).

4 Use the dimensionless 6-hour distributions of Figure 2.1¢ «r Table 2.4 to
calculatethe dimensionless distribution by linear interpolation h<tween the twa .
bounding pattern numbers.

5. Multiply the dimensionless values of the calculated storm pattern (in decimal)
by the equivalent uniform depth of rainfall from step 2. The resultant distribu-
tion is the design rainfall mass diagram for the equivalent uniform depth of
rainfall and rainfall intensities averaged over the entire drainage area.

Asan alternative to the above procedure, the MCUHP1 and the MCUHP2 programs .
will convert the point rainfall depth into the appropriate storm pattern based on a
given drainage area.

Jd;;ﬂ‘i,ﬁégz SRR AR 2-23
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Rainfall

Table 2.4
§-Haur Distributions*

! 0 .
Pattern1 : Fattern 2 Pattern 3 Pattern4 @ Patterns
|
0.0 0.0 | 0.0 0.0 0.0
0.8 0.9 15 2.1 2.4
1.6 16 2.0 3.5 4.3
2.5 2.5 3.0 5.1 5.9
33 3.4 4.8 7.1 7.8
4.1 4.2 6.3 8.7 9.8
5.0 5.1 7.8 10.5 11.9
5.8 5.9 9.0 125 14.1
6.6 6.7 10.5 14.3 16.2
74 7.6 11.9 16.0 | 186
8.7 87 13.5 17.9 21.2
9.9 10.0 15.2 20.1 23.9
11.8 12.0 17.5 23.2 27 1
13.8 16.3 20 2 8.1 32.1
21.6 252 30.4 36.4 40.8
37.7 45.1 47.2 50.0 51.5
83.4 69.4 . 67.0 65.8 62.7
91.1 83.7 79.6 773 735
93,1 90.0 86.8 841 1 814
95.J 93.8 91.2 88.8 . 86.4
96.2 95.0 94.6 92.7 ’ 90.7
97.2 96.3 96.0 94.5 93.0 |
98.3 97.5 97.3 96.4 95.4
99.1 98.8 98.7 98.2 97.7
100.0 100.0 | 100.0 100.0 100.0

*Pattern represents percent Rainfall Depth.

June 1, 1992
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Rational M

General

The Rational Method was originally developed to estirnate runoff from small areas
and its use should be generally limited to those conditions. For the purposes of this
manual, its use should be limited to areas of up to 160 acres. In such cases, the peak
discharge and the volume of runoff from rainfall events up to and including the
100-year, 2-hour duration storm falling within the boundaries of the proposed

- development are to be retained. If the development involves channel routing, the

procedures given in Chapters 4 through 6 should be used, since the peak generated
by the Rational Method cannot be directly routed.

Rational Equation

The Rational Equation relates rainfall intensity, a runoff coefficient and the water-
shed size to the generated peak discharge. The following shows this relationship:

Q=CiA (3.1}
where

Q = the peak discharge (cfs) from a given area.

C =  acoefficient relating the runoff to rainfall.

i = average rainfall intensity (inches/hour), lasting fora Tc.

Tc = thetime of concentration (hours).

A =  drainage area (acres).

The Rational Equation is based on the concept that the application of a steady,
uniform rainfall intensity will produce a peak discharge at such a time when all
points of the watershed are contributing to the outflow at the point of design. Such
a condition is met when the elapsed time is equal to the time of concentration, Tc,
which is defined to be the floodwave travel time from the most remote part of the

1,1992
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Ratlonal Eguation

watershed to the point of design. The time of concentration should be computed by
applying the {ollowing equation developed by Papadakis and Kazan (1987):

where

Tc =  time of concentration in hours

L = length of the longest flow path in miles

Kb =  watershed resistance coefficient (see Figure 3.1, or Table 3.1)
S =  watercourse slope in feet/mile

i rainfall intensity in inches/hour*

*It should be noted that i is the “rainfall excess intensity” as originally
developed. However, when used in the Rational Equation, rainfall inten-
sity and rainfall excess intensity provide similar values because of the
hydrologic characteristics of small, urban watersheds which result in
minimal rainfall loss. This is because of the extent of imperviousness as-
sociated with urban watersheds and the fact that the time of concentra-
tion is usually very short.

b. . T T + 0.20
Max"mf,}m RO 4 4 e
N85

T e T T
D15 = C.Mode N \u T e
Tataly
T * g Roughness T T~

0.20 4

0.10 + T 010

0,08 B‘MOGWateryLowaougth T + - oom
i s | + 1

0.05 + T + T 005

o,o4~*“~ﬂm—_"”’m~;’ + -+ 0.04
003+ U S S.Y,

0.02 T T + 0.02
0.01 + + + + 001

0.00 0.00
1 10 100 160

Resistance Coefficient, K,

Watershed Surface Area, Acres

Figure 3.1
Reslistance Coefficlent Kb as a Functlon of Watershed Size




Rational Method

Table 3.1
Equation for Estimating Kb in the Tc Equation

Kb=miogA=+b
Where A Is dralnage area, In acres

Equation
Typlcal Parameters
Type Description Applications m b
A |Minimal roughness: Relatively smooth and/or |Commercial/ -0.00625 | 0.04
well graded and uniform land surfaces. industrial areas
Surface runoff is sheet flow. Residential area
Parks and golf
courses

B  |Moderatsly low roughness: Land surfaces Agricultural fields | —-0.01375 | 0.08
have irregularly spaced roughness elements  |Pastures

that protrude from the surface but the overall |Desertrangelands
character of the surface is relatively uniform.  |Undeveloped

Suriace runoff is predominately sheet flow urban lands

around the roughness elemants. ]
C |Moderately high roughness; Land surfaces Hillslopes -0.025 0.15

that have significant large- to medium-sized  |Brushy alluvial

roughness elements and/or poorly graded fans

land surfaces that cause the flow to be Hilly rangeland

diverted around the roughness elements. Disturbed land,

Surface runoff is sheet flow for short distances | mining, etc.

draining into meandering drainage paths. Forests with

underbrush

D jMaximum roughness: Rough land surfaces Mountains -0.030 0.20

with torturous flow paths. Surface runoff is Some wetlands

concentrated in numerous short flow paths
that are often oblique to the main fiow
direction.

Assumptions

Application of the Rational Equation requires consideration of the following:

1. The peak discharge rate corresponding to a given intensity would occur only
if the rainfall duration is at least equal to the time of concentration.

2. The calculated runoff is directly proportional to the rainfall intensity.

3. Thefrequency of occurrence for the peak discharge is the same as the frequency
for the rainfall producing that event.

4. The runoff coefficient increases as storm frequency decreases.

:J'u'na 1,1



Limitations

Limitations

- Application of the Rational Method is appropriate for watersheds less than 160 acres
in size. This is based on the assumption that the rainfall intensity is to be uniformly
distributed over the drainage area at a uniform rate lasting for the duration of the
storm. The Maricopa County Unit Hydrograph Procedure described in Chapter 5
may also beused for areas less than 160 acres where hydrograph routing is desired,
or, in cases where the Rational Method assumptions do not apply.

Application

The Rational Method can be used to calculate the generated peak discharge and
runoff volume from drainage areas less than 160 acres.

3.5.1 Peak Discharge Calculation

1. Determine the area within the development boundaries.
2. Select the runoff coefficient, C from Table 3.2

3. Calculate time of concentration (see Example 4). This is to be done by an
iterative process. Select a duration from the I-D-F curves, Figure 3.2. This value
should not be longer than two hours and normally it will be less than an hour.
DPetermine the maximum rainfall intensity indicated on the I-D-F .w.rve for a
1 ‘uency that includes the 100-year. The intensity value of the corresponding

- in the above is for the Phoenix Metro area. Use i ip in the following equation
for %tlmatmg i for other areas:

( P61 0) (3.3
2.07
where
i = the desired intensity for a given duration and frequency.
=  theintensity for the Phoenix Metro area.
P610 = the 10-year, 6-hour precipitation depth at the point of interest.

(Can be read from Figure 2.4.)

4. Use the adjusted intensity in Equation 3.2 to calculate time of concentration.
Repeat this process until the selected and computed Tc values are reasonably
close. For more details see Example 1.

5. Determine peak discharge (Q) by using the above value of { in Equation 3.1.

6. Asanalternative to the above procedure, the computer program RATIONAL.EXE
may be used to calculate peak discharges.




Tahle 3.2

Rational Method

C Coefficlents for Use wlth the Rational Method

Return Perlod
Land Use 2-10 Year | 25 Year 50 Year | 100 Year
Streets and Roads
Paved Roads 0.75-0.85 0.83-0.94 |0.90-0.95 0.94 —0.95
Gravei Roadways & Shoulders  |0.60-0.70 ;0.66 -0.77 10.72-0.84 :0.75-0.88
industrial Areas ‘
Heavy 0.70-0.80 |0.77-0.88 10.84 - 0.85 |0.88 —0.95
Light 0.60-0.70 |0.66 —0.77 10.72 - 0.84 i0.75 - (.88
Business Areas
Downtown 0.75-0.85 [0.83-0.94 [0.90-0.95 {0.94 - 0.95
Neighborhood 0.55-0.65 |0.61-0.72 |0.66 -0.78 |0.69 — 0.81
Residential Areas
Lawns - Flat 0.10-0.25 |0.11-0.28 10.12 ~0.30 |0.13 — 0.31
— Steep 0.25-0.40 |0.28-0.44 ;0.30-0.48 [0.31 —0.50
Suburban 0.30 -0.40 |0.33-0.44 {0.36 - 0.48 {0.38 - 0.50
Single Family 0.45-0.55 |0.50—-0.61 [0.54 - 0.66 |0.56 —0.69
Muiti-Unit 0.50-0.60 {0.55-0.66 [0.60—-0.72 [0.63 —0.75
Apartments 0.60-0.70 |0.66-0.77 [0.72-0.84 10.75—-0.88
Parks/Cemetaries 0.10-0.25 |0.11-0.28 |0.12-0.30 |{0.13 - 0.31
Playgrounds 0.40-0.50 [0.44—-0.55 |0.48 - 0.63 !0.50-0.63
| Agricultural Areas 0.10-0.20 |0.11 ~0.22 |0.12 -0.24 :0.13-0.25
Bare Ground 0.20-0.30 [0.22-0.33 |0.24-0.36 [0.25—0.38
Undeveloped Desert 0.30 - 0.40 10.33-0.44 |0.36 —0.48 |0.38 — 0.50
Mountain Terrain (Slopes > 10%) 0.60 - 0.80 10.66 —0.88 |0.72 —0.95 |0.75 - 0.95

Note: Values of C for 25, 50 and 100 Year were derived using frequency adjustment
factors of 1.10, 1.20, and 1.25, respectively, with an upper limit of 0.95 for C for

the 2-10 Year values.

June 1, 1992
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Rational Method

3.5.2 Volume Calculations

Volume calculation should be done by applying the following equation:

o (P (G4
V= Luj A
whers
A =  Calcnlated volume in acre-feet
C =  Runoff coefficient from Table 3.2
P = Rainfall depth in inches
A = Drainage area in acres

In the case of volume calculations for retention/detention design, P equals the 100-year,
2-hour depth, in inches, from Section 2.2 or Figure 3.3,



Rainfall

General

Rainfall excess is that portion of the total rainfall depth that drains directly from the
land surface by overland flow. By a mass balance, rainfall excess plus rainfall loss
equals precipitation. When performing a flood analysis using a rainfall-runoff
model, the determination of rainfall excess is of utmost importance. Rainfall excess
integrated over the entire watershed results in runoff volume, and the temporal
distribution of the rainfall excess will, along with the hydraulics of runoff, deter-
mine the peak discharge. Therefore, the estimation of the magnitude and time
distribution of rainfall losses should be performed with the best practical technol-
ug, considering the objective of the analysis, economics of the project, and conse-
quences of inaccurate estimates. “

Rainfalllosses are generally considered to be the result of evaporation of water from
the land surface, interception of rainfall by vegetal cover, depression storage on the
land surface (paved or unpaved), and infiltration of water into the soil matrix. A
schematic representation of rainfall losses for a uniform intensity rainfall is shown
in Figure 4.1. As shown in the figure, evaporation can start at an initially high rate
depending on the land surface temperature, but the rate decreases very rapidly and
would eventually reach a low, steady-state rate. From a practical standpoint, the
magnitude of rainfall loss that can be realized from evaporation during a storm of
sufficient magnitude to cause flood runoff is negligible.

Interception, also illustrated in Figure 4.1, varies depending upon the type of
vegetation, maturity, and extent of canopy cover. Experimental data on intercep-
tion have been collected by numerous investigators (Linsley and others, 1982), but
little is known of the interception values for most hydrologic problems. Estimates
of interception for various vegetation types (Linsley and others, 1982) are:
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INITIAL ABSTRACTION (1A)=
/ ACCUMULATED LOSS UP TO TIME OF PONDING

CONSTANT INTENSITY RAINFALL
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N

To= TIME TO PONDING Ts

Figure 4.1

Schematic Representation of Rainfall Losses
for a Uniform Intensity Rainfall
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Interception,

Vegetation Type Inches
hardwood tree 0.09
cotton 0.33
aifalfa 0.11
meadow grass 0.08

No interception estimates are known for natural vegetation that occurs in Maricopa
County. For most applications in Maricopa County the magnitude of interception
losses is essentially 0.0, and for practical purposes interception is not considered for
flood hydrology in Maricopa County.

Depression storage and infiltration losses comprise the majority of the rainfa}l loss
as illustrated in Figure 4.1. The estimates of these two losses will be discussed in
more dea!zil in later sections of this manual.

Three periods of rainfall losses are illustrated in Figure 4.1, and these must be
understood and their implications appreciated before applying the procedures in
this manual. First, there is a period of initial loss when no rainfall excess {runoff) is
produced. During this initial period, the losses are a function of the depression
storage, interception, and evaporation rates plus the initially high infiltration
capacity of the soil. Theaccumulated rainfall loss during this period with no runoff
is called the initial abstraction. The end of this initial period is noted by the onset of
ponded water on the surface, and the time from start of rainfall to this time is the
time of ponding (Tp). It is important to note that losses during this first period area
sionmation of losses due to all mechanisms including infiltration.

1Te second period is marked by a declining infiltration rate and gerwrally very little
lesses due to other factors.

The third, and final, period occurs for rainfalls of sufficient duration for the
infiltration rate to reach the steady-state, equilibrium rate of the soil (fc). The only
appreciable loss during the final period is due to infiltration.

The actual loss process is quite complex and there is a good deal of interdependence
of the loss mechanisms on each other and on the rainfall itself. Therefore, simplifying
assumptions are usually made in the modeling of rainfall losses. Figure 4.2 represents
asimplified set of assumptions that can be made. In Figure 4.2, it is assumed that surface
retention loss is the summation of all losses other than those due to infiltration, and
that this loss occurs from the start of rainfall and ends when the accumulated rainfall
equals the magnitude of the capacity of the surface retention loss. It is assumed that
infiltration does not occur during this time. After the surface retention is satisfied,
infiltration begins. If the infiltration capacity exceeds the rainfall intensity, then no
rainfall excess is produced. As the infiltration capacity decreases, it may eventually
equal the rainfall intensity. This would occur at the time of ponding (Tp) which signals
the beginning of surface runoff. As illustrated in both Figures4.1 and 4.2, after the time
of ponding the infiltration rate decreases exponentially and may reach a steady-state,
equilibrium rate (fc). Itis these simplified assumptions and processes, as illustrated in
Figure 4.2, that are to be modeled by the procedures in this manual. -
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Surface Retention Loss

Surface retention loss, as used herein, is the summation of all rainfall losses other
than infiltration. The major component of surface retention loss is depression
storage; relatively minor components of surface retention loss are due to intercep-
tion and evaporation, as previously discussed. Depression storage is considered to
occur in two forms. First, in-place depression storage occurs at, and in the near
vicinity of, the raindrop impact. The mechanism for this depression storage is the
microrelief of the soil and soil cover. The second form of depression storage is the
reiention of surface runoff that occurs away from the point of raindrop impact in
surface depressions such as puddles, roadway gutters and swales, roofs, irrigation
bordered fields and lawns, and so forth.

A.relatively minor contribution by interception is also considered as a part of the
total surface retention loss. Estimates of surface retention loss are difficult to obtain
and are a function of the physiography and land-use of the area.

The surface retention loss on impervious surfaces has been estimated to be in the
range 0.0625 inch to 0.125 inch by Tholin and Keefer (1960), 0.11 inch for 1 percent
slope to 0.06 inch for 2.5 percent slopes by Viessman (1967), and 0.04 inch based on
rainfall-runoff data for an urban watershed in Albuquerque by Sabol (1983). Hicks
(1944) provides estimates of surface retention losses during intense storms as 0.20
inch for sand, 0.15 inch for loam, and 0.10 inch for clay. Tholin and Keefer (1960}
estimated the surface retention loss for turf to be between 0.25 to 0.50 inch. Based
on rainfall simulator studies on undeveloped alluvial plains in the Albuquerque
area, the surface retention loss was estimated as 0.1 to 0.2 inch (Sabol and others,
1982a). Rainfall simulator studies in New Mexico result in estimat«: of 0.39 inch for
eastern plains rangelands and 0.09 inch for pinon-juniper hilislopes (Sabol and
others, 1982b). Surface retention losses for various land-uses and surface cover
conditions in Maricopa County have been extrapolated from these reported es-
timates and these are shown in Table 4.1. :

Table 4.1
Surface Retentlon Loss for Varlous Land Surfaces In Maricopa County

| Surface Retentlton
Land-use and/or Surface Cover Loss IA, inches
(1) {2)

Natural

Desert and rangeland, flat slope 0.35

Hillslopes, Sonoran Desert 0.15

Mountain, with vegetated surface 0.25
Developed (Residential and Commaercial)

Lawn and turf 0.20

Desert landscape 0.10

Pavement 0.05
Agricultural

Tilled fields and irrigated pasture 0.50
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Infilfration

[nfiltration is the movement of water from the land surface into the soil Gravity
and capiliary forces drawing water into and through the pore spaces of the soil
matrix are the two forces that drive infiltration. Infiltration is controlled by soil
properties, by vegetation influences on the soil structure, by surface cover of rock
and vegetation, and by tillage practices. The distinction between infiltration and
percolation is that percolation is the movement of water through the soil subsequent
fo infiltration.

Infiltraticri can be controlled by percolation if the soil does not have a sustained
drainage capacity to provide access for more infiltrated water. However, before
percolation can be assumed to restrict infiltration for the design rainfalls being
considered in Maricopa County, the extent by which percolation can restrict infiltra-
tion of rainfall should be carefully evaluated. SCS soil scientists have defined
hydrologic soil group D as:

“Soils having very slow infiltration rates when thoroughly wetted and consist-
ing chiefly of clay soils with a high swelling potential, soils with a permanent
high water table, soils with a claypan or clay layer at or near the surface, and
shallow soils over nearly impervious material.”

This definition indicates that hydrologic soil groups A, B, or C could be classified
as D if a near impervious strata of clay, caliche, or rock is beneath them. When these
soils are considered inregard to long-duration rainfalls (the design events fir many
parts of the United States) this definition may be valid. However, when considered
for shori-duration and relatively small design rainfall depths in Maricopa: County,
this definition could result in underestimation of the rainfall losses. This is pecause
even a relatively shallow horizon of soil overlaying an impervious layer still has the
ability to store a significant amount of infiltrated rainfall.

For example, consider the situation where only 4inches of soil covers animpervious
layer. If the effective porosity is 0.30, then 1.2 inches (4 inches x 0.30) of water can
be infiltrated and stored in the shallow soil horizon. For design rainfalls in Maricopa
County, this represents a significant storage volume for infiltrated rainfall and so
when developing loss rate parameters for areas of Maricopa County that contain
significant areas classified as hydrologic soil group D, the reason for that classifica-
tion should be determined.

Hydrologic soil group D should be retained only for:
» clay soils,
» soils with a permanent high water table, and
» rock outcrop.

Hydrologic soil group D should probably nof be retained in all situations where the
classification is based on shallow soils over nearly impervious layers; site specific
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studies and sensitivity analyses should be performed to estimate the loss rates to be
used for such soils.

Recommended Methods for Estimating
Rainfall Losses

Many methods have been developed for estimating rainfall losses; five are listed as
options in the HEC-1 Flood Hydrology Package. They are:

1. Holtan Infiltration Equation

2. Exponential Loss Rate

3. SCS Curve Numbers (CN) Loss Rate

4. Green and Ampt Infiltration Equation

5. Initial Loss Plus Uniform Loss Rate (IL+ULR)

Of these five, however, only two—Green and Ampt and IL+ULR—are recom-
mended for estimating rainfall losses in Maricopa County for the reasons discussed
below.

The Holtan Infiltration Equation is an exponential decay type of equation for
which the rainfall loss rate asymptotically diminishes to the minimum infiltration
rate {fc). The Holtan equation is not extensively used and there is no known
application of this method in Arizona. Data and procedures to estimate the
parameters for use in Maricopa County are not available. Therefore, the Holtan
equation is not recommended for general use in Maricopa County.

The Exponential Loss Rate Method is a four parameter method that is not exten-
sively used, but it is a method preferred by of the U.S. Army Corps of Engineers.
Data and procedlures are not available to estimate the parameters for this method
for all physiographic regions in Maricopa County, but Exponential loss rate
parameters have been developed from the reconstitution of flood events fora flood.
hydrology study in a portion of Maricopa County (U.S. Army Corps of Engineers,
1982a). However, adequate data are not available to estimate the necessary
parameters for all soil types and land uses in Maricopa County, and this method is
not recommended for general use in Maricopa County.

The SCS CN method is the most extensively used rainfall loss rate method in
Maricopa County and Arizona and it has wide acceptance among many agencies,
consulting engineering firms, and individuals throughout the community. How-
ever, because of both theoretical concerns and practical limitations, the SCS CN
method is not recommended for general use in Maricopa County.

As mentioned previously, the two recommended methods for estimating rainfall
losses in Maricopa County are the Green and Ampt infiltration equation and the
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initial loss and uniform loss rate (IL+ULR) method. Both methods, as programmed
into HEC-1, can be used to simulate the rainfall loss model as depicted in Figure
4.2. (Forafuil discussion of these methods, see Sections 4.4.1 and 4.4.2.) The IL+ ULR
is a simplified model that has been used extensively for flood hydrology and data
often are available to estirmate the two parameters for this method. The Green and
Ampt infiltration equation is a physically based model that has been in existence
since 1911, and has recently been incorporated as an option in HEC-1.

The preferred method, and the most theoretically accurate, is the Green and Ampt
infiltration equation. This rmethod should be used for most studies in Maricopa
County where the land surface is soil, the infiltration of water is controlled by soil
texture (see Appendix D), and the bulk density of the soil is affected by vegetation.
Procedures were developed, and are presented, to estimate the three parameters of
the Green and Ampt infiltration equation. The alternative method of IL+ULR can
be used in situations where the Green and Ampt infiltration method is recom-
mended, but its use in those situations is not encouraged, and, in general, should
be avoided. Rather, the IL+ULR method should be used in situations where the
Green and Ampt infiltration equation with parameters based on soil texture is not
appropriate. Examples of situations where the IL+ULR method is recommended
are: large areas of rock outcrop, talus slopes, forests underlain with a thick mantle
of duff, land surfaces of volcanic cinder, and surfaces that are predominantly sand
and gravel. Because of the diversity of conditions that could exist for which the
IL+ULR method is to be used, it is not possible to provide extensive guidance for
the selection of the two parameters of the IL+ULR method.

Other methods should be used only if there is technical justification for a variance
from these recommendations and if adequate information is available to estimate
the nevessary parameters. Use of rainfall loss methods other than those recom-
mended should not be undertaken unless previously approved by the Ficod Con-
trol District and the local regulatory agency.

Green and Ampt Infiltration Equation

This model, first developed in 1911 by W.H. Green and G.A. Ampt, has since the
early 1970s, received increased interest for estimating rainfall infiltration losses.
The model has the form:

FeKs 1+ forfei

4.1)
f=i forf21i
where
f =  infiltration rate (L/T),
i = rainfall intensity (L/T),
Ks = hydraulic conductivity, wetted zone, steady-state rate (L/T)
¥ =  average capillary suction in the wetted zone (L),
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9 = soil moisture deficit (dimensionless), equal to effective soil
porosity times the difference in final and initial volumetric
soil saturations, and

F =  depth of rainfall that has infiltrated into the soil since the
beginning of rainfall (L).

A sound and concise explanation of the Green and Ampt equation is provided by
Bedient and Huber (1988).

It is important to note that as rain continues, F increases and f approaches Ks, and
therefore, f is inversely related to time. Equation 4.1 is implicit with respect to f
which causes computational difficuities. Eggert (1976) simplified Equation 4.1 by
expanding the equation in a power series and truncating all but the first two terms
of the expansion. The simplified solution (Li and others, 1976) is:

| F=-05@F -Ks At) + 0.5[(2F - Ks A + 8KsAt By + F))2 4.2)
where
At =  thecomputation interval
F =  accumulated depth of infiltration at the start of At.
The average infiltration rate is:
AF (4.3)

T At

{se of the Green and Ampt equation as coded in HEC-1 involves the simulation of
rainfail loss as a two phase process, as illustrated in Figure 4.2. The first phase is
thesimulation of the surface retention loss as previously described; this Joss is called
the initial loss (IA) in HEC-1. During this first phase, all rainfall is lost (zero rainfall
excess generated) during the period from the start of rainfall up to the time that the
accumulated rainfall equals the value of [A. It is assumed, for modeling purposes,
that no infiltration of rainfall occurs during this first phase. Initial loss (IA) is
primarily a function of land-use and surface cover, and recommended values of IA
for use with the Green and Ampt equation are presented in Table 4.1. For example,
about 0.35 inches of rainfall will be lost to runoff due to surface retention for desert
and rangelands on relatively flat slopes in Maricopa County.

The second phase of the rainfall loss process is the infiltration of rainfall into the soil
matrix. For modeling purposes, the infiltration begins immediately after the surface
retention loss (IA) is completely satisfied, as illustrated in Figure 4.2. The three
Green and Ampt equation infiltration parameters as coded in HEC-1 are:

»  hydraulic conductivity at natural saturation (XKSAT) equal to Ks in Equation 4.1;

»  wetting front capillary suction (PSIF) equal to ¥ in Equation 4.1; and

»  volumetric soil moisture deficit at the start of rainfall (DOTHETA) equal to
8 in Equation 4.1.
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The threeinfiltration parameters are functions of soil characteristics, ground surface
characteristics, and land management practices. The soil characteristics of interest
are particle size distribution (soil texture), organic matter, and bulk density. The
primary soil surface characteristics are vegetation canopy cover, ground cover, and
soil crusting. The land management practices are identified as various tillages as
they result in changes to soil porosity.

Values of Green and Ampt equation parameters as a function of soil characteristics
alone (bare ground condition) have been obtained from published reports (Rawls
and others, 1983; Rawls and Brakensiek, 1983), and average values of XKSAT and
PSIF for each of the soil texture classes are shown in Columns (2) and (3) of Table
4.2. The values of XKSAT and PSIF from Table 4.2 or Figure 4.3 should be used if
general soil texture classification of the drainage area is available. References used
to create Table 4.2 can be found in the Documentation Manual.

In Table 4.2, loamy sand and sand are combined. The parameter values that are
shown in the table are for loamy sand. The hydraulic conductivity (XKSAT) forsand
is often used as 4.6 inches /hour, and the capillary suction (PSIF) is often used as 1.9
inches. Using those parameter values for drainage areas can result in the generation
of no rainfall excess—which may or may not be correct. Incorrect results could cause
serious consequences for flood control planning and design. Therefore, it is recom-
mended that—for watersheds consisting of relatively small subareas of sand—the
Green and Ampt parameter values for loamy sand be used for the sand portion of
the watershed. If the area contains a large portion of sand, then either the Green and

Table 4.2
Green and Ampt Loss Rate Parametet Values for Bare Ground
Soil Texture XKSAT PSIF DTHETA'
Classification inches/heur| inches Dry Normal |Saturated

(1) (2) 3) (4) (5) (6)
loamy sand & sand 1.2 2.4 0.35 0.30 0
sandy joam 0.40 4.3 0.35 0.25 0
loam 0.25 3.5 0.35 0.25 0
silty loam 0.15 6.6 0.40 0.25 0
silt 0.10 7.5 0.35 0.15 0
sandy clay loam 0.06 8.6 0.25 0.15 0
clay loam 0.04 8.2 0.25 0.15 0
silty clay loam 0.04 10.8 0.30 0.15 0
sandy clay 0.02 8.4 0.20 0.10 0
silty clay 0.02 11.5 0.20 0.10 0
clay 0.01 12.4 0.15 0.05 0

! Selection of DTHETA:

Dry = Nonirrigated lands, such as desert and rangeland;
Normal = Irrigated lawn, turf, and permanent pasture;
Saturated = Irrigated agricultural land.
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Ampt method should be used with parameter values for [oamy sand or the IL+ULR
method should be used with appropriately determined values for the parameters,

The soi} moisture deficit (DTHETA) is a volumetric measure of the soil moisture
storage capacity that is available at the start of the rainfall. DTHETA is a function
of the effective porosity of the soil. The range of DTHETA is 0.0 to the effective
porosity. If the soil is effectively saturated at the start of rainfall then DTHETA
equals 0.0; if the soil is devoid of moisture at the start of rainfall then DTHETA
equals the effective porosity of the soil.

Under natural conditions, soil seldom reaches a state of soil moisture less than the
wilting point of vegetation. Due to the rapid drainage capacity of most soils in
Maricopa County, at the start of a design storm the soil would not be expected to
be in a state of soil moisture greater than the field capacity.

However, Maricopa County also has a large segment of its land area underimigated
agriculture, and it is reasonable to assume that the design frequency storm could
occur during or shortly after certain lands have been irmigated. Therefore, it would
be reasonable to assume that soil moisture for irrigated lands could be at or near
effective saturation during the start of the design rainfail.

Three conditions for DTHETA have been defined for use in Mancopa County
based on the antecedent soil moisture condition that could be expected to exist at
the start of the design rainfall. These three conditions are:

» “Dry” for antecedent solil moisture near the vegetation wilting point;

» ‘““Normal” for antecedent soil moisture condition near field capacity due
to previous rainfall orirmgation applications on nonagricultural [ands; and

»  “Saturated’” for antecedent soil moisture near effective saturation due to
recent irrigation of agricultural lands.

Values of DTHETA have been estimated by subtracting the initial volumetric soif
moisture for each of the three conditions from the soil porosity.

The value of DTHETA ‘‘Saturated’ is always equal to 0.0 because for this
condition there is no avatlable pore space in the soil matrix at the start of
rainfall. Values of DTHETA for the three antecedent soil moisture conditions
are shown in Table 4 2. DTHETA “‘Dry” should be used for soil thatis usually
in a state of low soil motsture such as would occur in the desert and rangelands
of Maricopa County. DTHETA ‘““Normal” should be used for soil that is
usually in a state of moderate soil moisture such as would occur in irrigated
lawns, golf courses, parks, and irrigated pastures, DTHETA “Saturated”
should be used for soil that can be expected to be in a state of high soil moisture
such as irrigated agricultural land.

44.1.1 Procedure for Areally Averaging Green and Ampt Parameter Values:

Most drainage areas or modeling subbasins will be composed of several subareas
containing soils of different textures. Therefore, a compostte value for the Green
and Ampt parameters that are to be applied to the drainage areas or modeling
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subbasins needs to be determined. The procedure for determining the composite
value is to average the area-weighted logarithms of the XKSAT values and to select
the PSIF and DTHETA values from a graph.

The composite XKSAT is calculated by Equation 4.4:

* ' : 4.
SRSAT — ALOG [}: Ailog XKSAT;] (4.4)
AT
where
XKSAT = composite subarea hydraulic conductivity, inches/hour
: XKSATi = hydraulic conductivity of a map unit, inches/hour
' (from Appendix A, B, or C)
" Aj = size of subarea
SEAT = size of the watershed or mode]ihg..subbasin :

After XKSAT is calculated, the values of PSIF and DTHETA (normal or dry) are
selected from Figure 4.3, at the corresponding value of XKSAT.

4.4.1.2 Procedure for Adjusting XKSAT for Vegetation Cover: The hydraulic
conductivity (XKSAT) can be affected by several factors besides soil texture. For
example, hydraulic conductivity is reduced by soil crusting, increased by tillage,
and increased by the influence of ground cover and canopy cover. The values of
XKSAT that are presented for bare ground as a function of soil texture alone should
be adjusted under certain soil cover conditions.

Ground cover, suchas grass, litter, and gravel, will generally increase the infiltration
rate over that of bare ground conditions. Similarly, canopy cover—such as from
trees, brush, and tall grasses—can also increase the bare ground infiltration rate.
The procedures and data that are presented are for estimating the Green and Ampt
parameters based solely on soil texture and would be applicable for bare ground
conditions. Past research has shown that the wetting front capillary suction
~ parameter (PSIF) is relatively insensitive in comparison with the hydraulic conduc-
tivity parameter (XKSAT); therefore only the hydraulic conductivity parameter is
adjusted for the influences of cover over bare ground.

Procedures have been developed (Rawls and others, 1989) for incorporating the
effects of soil crusting, ground cover, and canopy cover into the estimation of
hydraulic conductivity for the Green and Ampt equation; however, those proce-
dures are not recommended for use in Maricopa County at this time. A simplified
procedure to adjust the bare ground hydraulic conductivity for vegetation cover is
shown in Figure 4.4. This figure is based on the documented increase in hydraulic
conductivity due to various soil covers as reported by investigators using rainfall
simulators on native western rangelands (Kincaid and others, 1964; Sabol and
others, 1982a; Sabol and others, 1982b; Bach, 1984; Ward, 1986; Lane and others,
1987; Ward and Bolin, 1989). This correction factor can be used based on an estimate
of vegetation cover as used by the Soil Conservation Service in soil surveys; that is,
vegetation cover is evaluated on basal area for grasses and forbs, and is evaluated
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Figure 4.4
Effect of Vegetation Cover on Hydraulic Conductivity
For Hydraulic Soil Groups B, C, and D, and for all Soil Textures
other than Sand and Loamy Sand

on canopy cover for trees and shrubs. Note that this correction can be appiied only to
soils other than sand and loamy sand.

The influence of tillage results in a change in total porosity and therefore a need to
modify the three Green Ampt equation infiltration parameters. The effect of tillage
svstems on soil porosity and the corresponding changes to hyvdraulic conductivity, wetting
front capillary suction, and water retention is available (Rawls and Brakensiek, 1983).
Although this information is available, it is not presented in this manual, nor is it
recommended that these adjustments be made to the infiltration parameters for design
purpose use in Maricopa County, because for most tlood estimation purposes it cannot be
assumed that the soil will be in any particular state of tillage at the time of storm
occurrence and therefore the base condition infiltration parameters. as presented. should
be used for flood estimation purposes. However, appropriate adjustments to the
infiltration parameters can be made, as necessary, for special flood studies such as
reconstitution of storm events.
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44.1.3 Selection of IA, RTIMP, and percent vegetation cover for urban areas:
Table 4.2a contains suggested values for A, RTIMP, and percent vegetation cover
for six urban land use types. The values in Table 4.2a are meant as guidelines and
are not to be taken as prescribed values for these parameters. Note that the values
for RTIMP reflect effective impervious areas not total impervious areas. Also, one
should note that the values for percent vegetation cover are for pervious areas only.
These three parameter values are used in the calculation of average subbasin
parameters for the Green and Ampt loss method as described above. Sound
engineering judgement and experience should alwaysbe used when selecting rainfall
loss parameters and assigning land use categories for any given watershed.

Table 4.2a also relates the six land use types to zoning units for several municipalities
in Mancopa County. The assignment of zoning units for municipalities not listed
in- Table 4.2a could be made by comparson. with those given in Table 4.2a.
Likewise, the land use categories in Table 4.2a are not the only valid land use
categories for use in Maricopa County., -

Initial Loss Plus Uniform Loss Rate (IL+ULR)

This:s ‘a simplified rainfall loss method that is often used, and generally accepted,
for flood hydrology. In using this simplified method it is assumed that the rainfall
loss process can be simulated as a two-step procedure, as illustrated in Figure 4.5.
First, all rainfall is lost to runoff until the accumulated rainfall is equal to the initial
loss; and second, after the initial loss is satisfied, a portion of all future rainfall is
lost at a uniform rate. All of the rainfall is lost if the rainfall intensity is less than the
uniform loss rate.

According to HEC-1 nomenclature, two parameters are needed to use this method,
the initial loss (STRTL) and the uniform loss rate (CNSTL).

Because this method is to be used for special cases where infiltration is not controlled
by soil texture, or for drainage areas and subbasins that are predominantly sand, the
estimation of the parameters will require model calibration, results of regional
studies, or other valid techniques. It is not possible to provide complete guidance in
the selection of these parameters; however, some general guidance is provided:

A. For the special cases of anticipated application, the uniform loss rate (CNSTL)
will either be very low for nearly impervious surfaces, or possibly quite high
for exceptionally fast-draining ighF pervious) land surfaces. For land sur-
faces with very low infiltration rates, the value of CNSTL will probably be 0.05
inches per hour or less. For sand, a CNSTL of 0.5 to 1.0 inch per hour or [arger
may be reasonable. Higher values of CNSTL for sand and other surfaces are
possible, however, use of high values of CNSTL would require special studies
to substantiate the use of such values.

B. Although the IL+ULR method is not recommended for watersheds where the
soil textures can be defined and where the Green and Ampt method is encour-
aged, some general guidance in the selection of the uniform loss rate 1s shown
in Tables 4.3 and 4.4. Table 4.4 was prepared based on the values in Table 4.3
and the hydraulic conductivities shown in Table 4.2. In Table 4.4, the initial
infiitration (II} is an estimate of the infiltration loss that can be expected prior
to the generation of surface runoff. The value of initial loss (STRTL) is the sum
of inititial infiltration (II) of Table 4.4 and surface retention loss (IA) of Table
4.1; STRTL =II + IA.

C. The estimation of initial loss (STRTL) can be made on the basis of calibration
O%Eeciql studies at the same time that CNSTL is estimated. Alternatively, since
STRTL is equivalent to initial abstraction, STRTL can be estimated by use of
the SCS CN equations for estimated initial abstraction, written as:

200 _
CN

(4.5)

STRTL = 2
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Recommended Methods for Estimating
Rainfail Losses

INITIAL LOSS (STRTL) = SURFACE RETENTION LOSS +
INITIAL INFILTRATION LOSS
Lt
= UNIFORM LOSS RATE (CNSTL) = e
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Flgure 4.5
Representation of Rainfail Loss According to the
Initial Loss Plus Uniform Loss Rate (IL+ULR)
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‘Cver” Zoning Unift Description . -

Table 4.2a IA, RTIM

"Zaning Unit

Description

"~ Descriptiot

[ County

o Zdﬁiﬂgi’."xﬁt”']}esﬂri‘ptidn‘

Land Use C'éfe:gory o
Agriculture S

85¥

" Zoning Unit Description-

_ _ R AG Agriculture AG-1 Agricnlture Agriculture AG Agriculture
Very Low Deweily Residential 0.3* 5* 30+ R1-80 Single Reeidence RURAL-120 %0000 eq- ft./dwelling unit ~ S-1 Ranch or Farm Reeidential, > 1 acrz
: : SR Suburban Raneh RURAL-70 ~“0,000 sq. ft./dwelling unit 5.2 Ranch or Farm Commercial
: : —— R1-43 Rural RURAL-43  one acre/dwelling unit RE-43 Single Pamily, I acre minimum
LD’W p’f?_ﬂm’&' Residential 0.3* 15* 50* R1-35 Rural Residential SF-33 Single Family R1-35 Single Reridence R1-35 Single Family Residential, RE-35 SF, 35,000 sq.ft min.
: ' ) L 45,000 sq. ft/dwelling unit RE-24 SF, 24,000 gq.ft min.
R1-2¢ SF, Reridential 5F-18 Single Family R1-18 5FR, 18,000 sq. ft/unit R1-18 SF, 18,000 zq.ft min.
- : L R1-I§ T R1-15 Single Residence R1-15 One Family Residential R1-14 SF, 14,000 sq.ft min.
Mer_flur.n De-nﬂt}.' Residentxgi' 0.25* J0* 50% Rl-10 " SF-10 Single Family R1-9 Single Residence RI-10 One Family Residential R1-10 SFR, 10,000 sq. ft/unit R1-10 SF, 10,000 &q.ft min.
- . : A Ri-R .o ni-g One Family Residential R1.8 3FR, 8,000 mq. ft/unit R1-8 SF, 8.000 sq.ft min.
RI-7 " SF-7 Single Family R1-7 Single Residence R1-7 Jrie Family Residential
""" R1-6 Single Residence R1-e Onc Family Residential R1-8 3FR, 6,000 sq. ft/unit R1-6 SF. 5,000 sq.ft min.
: i : i — TCR-1 Town Center, Single Family RGO Residence/Office ’ R-0 Res. Office
M'l!'ltm!@.f:'al._ﬂfﬂ)‘ .Re.a:d..en_tml_ 0.25* 45* 54 R-2 Duplex MF-1 Mediuin Density R-2 Restricted Multiple Resid. R-2 Multi-Family Residential R-2 % Family Residence R-2 MF, 4,000 sq.f/unit
' : ‘ R-3 Multi-Family, Apartments MF-2 Multi-Family B3 Limited Multiple Resid. R-3R Multi-Family Restricted ~ R-3 Multiple Family, Residential R-3 MT, 3,000 sq-R/unit -
R-4 Multi-Family, General MF.3 High Density R-4 General Multiple Regid. R-3 Multi-Family Limited R-4 Mulliple Family, Residential R-4 MF, 1,500 eq.ft/unit
H-5 Townhouse Regidential R4 Mult{-Family General R-5 Multiple Family, Residential R-4A MF, 1,000 sq.ft/unit
: R-Th Townhouse R-5 MF, 1,000 eq.R/unit
MH Mebile Home MH-1 Mohile Homes TCR-2 TC, Restricted Multi-Res. RMH Mobile Home Residence MHR ‘anufactured Houneing, Resid. CP/BP Business Park
CTP Commercial Trailer Park TCR-3 TC, General Res. MHS Manufactured Housing Subd. R-H Resort Digtrict
_ - TP Trailer Park
.Indus-t;zai g 0.15* 55+ 680* 11 Garden Type Industrial M-1 Limited Industrial I1 Light Industrial IND PARK  Industrial Park
1.2 Light Industrial [-1 Light Industrial 1-2 General Industrial i-2 “aghi Indugtrial A-1 Lizht Industrial
: i 1.3 General Indugtrial 1-2 General Industrial M-2 General Industrial 1-3 Heavy Industrial 1-3 Jdeavy Industrial A-2 Heavy Industrial
?me?fcfﬁl : 0.1* 80 TH* C-1 Light Commercial C-1 Neighborhood Commercial C-1 Neighborhood Comm. CCR Convenience Commercial C-1 “eighborhood Commerceial C-1 Neighborhood Commereial
: C-2 General Commercial Cc-2 Community Commercial C.2 Limited Comm. C-1 Noighborhoed Commercial C-2 ntermediate Commercial C-2 Intermediate Commercial
Cc-3 Central Commercial Cc-3 Regional Commercial Cc-3 General Comm. C-2 General Commercial Cc-3 Jreneral Commercial C-3 General Commereial
RS Residential Services 08 Office-Sercives cch Central Comm. District  C-O Commereial Office C-0 Commercial Office
RCC Reridential Conveniences TCC ' TC . High Intensity Mixed Use HR High Rise District
TCB-1 TC, Limited Coinm./General Manufacturing
TCB-2 TC, General Comm./ Light Manufacturing

NOTES

MISCELLANEOUS CATEGORIES: These zoning units should be evaluated on a case by case basis.

PAD Planned Area Development PAD
PSC-1 Planned Neighborhood Shopping
PSC-2 Flanned Shopping Center

IR Indueirial Buffer

* These values have been selected to fit many typical settings in Maricopa County.
However, the engineer/hydrologist ehould ALWAYS evaluate the specific circumstances in any particular

PCO

Planned Area Development

Planned C Qffices

PEP
PF

Planned Employment Park
Public Facilities

Frivare School PD

NUP
RUP
e

Planned Development Overlay PAD

Planned Shopping Center PSC

pecial Uses

Senier Citizen Overlay PCD
Neighborheod Flan of Deveicpment
Residential Plan of Development
Industrial Plan of Development

Planned Area Development

Planned Shopping Center

Planned Community Development

watershed for hydrological variations from these typical values. HOW., Right of Way
P-1 Parking, Open
** RTIMP = Percent Effective Impervious Area, Including R.O.W. B2 Parking, Siouclares
** Percenl Veg. Cover = Percent vegetation cover for pervicus area only D.G Dwallir:g Group _]
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Tahle 4.3
Publlshed Values of Uniform Loss Rates

Hydreiogic Soll Uniform Loss Rate, Inches/hour
Group Musgrave (1955) USBR (1975) USBR (1987)°
(1) (2) (3) (4)
A 0.30 - 0.45 0.40 0.30 - 0.50
B 0.15 - 0.30 0.24 0.15-0.30
C 0.05 - 0.15 0.12 0.05-0.15
D 0-0.05 0.08 0-0.05

; Design of Smal! Dams, Second Edition, 1975, Appendix A.
= Design of Sriall Dams, Third Edition, 1987.

Table 4.4
Initial Loss Plus Uniform Loss Rate Parameter Values
for Bare Ground according to Hydrologic Soll Group

’ Initlal Inﬂltra}lon, inches
Hydrologic Soil Uniform Loss Rate i
Group CNSTL Dry Normal | Saturated
(1) (2) (3) (4) (5)
A 0.4 0.6 0.5 0
B (.25 0.5 0.3 0
C 0.15 0.5 0.3 0
D 0.05 0.4 0.2 0

! Selection of il:
Dry = Nonirrigated lands such as desert and rangeland;
Normal = Irrigated lawn, turf, and permanent pasture;

Saturated = Irrigated agricultural land.
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Frocedure for Estimating Loss Rates

Estimates of CN for the drainage area or subbasin should be made by referring
to various publications of the SCS, particularly TR-55. Equation 4.5 should
providea fairly good estimate of STRTL in many cases, however, its tise should
be judiciously applied and carefully considered in all cases.

Procedure for Estimating Loss Rates

Green and Ampt Method

A. When soils data are available:

1. Prepare a base map of the drainage area delineating modeling subbasins,
if used.

2. Delineate the subareas containing different soils (as determined from soil
surveys, if available). Determine the soil texture for each soil type. Seils
reports such as those of the Soil Conservation Service can be used, if
available, or laboratory analysis of appropriate soil samples from the
drainage area can be used if adequate documentation on the sampling and
laboratory procedure is provided and approved. A soil texture classifica-
tion friangle is provided in Appendix D.

3. Ifthewatershed orsubbasin contains soil of all onetexture, then determine
XKSAT, PSIF, and DTHETA from Table 4.2. Adjust XKSAT for vegetation
cover using Figure 4.4, if appropriate.

If the watershed or subbasin is composed of soils of different texfures, then
area-weighted parameter values will be calculated:

H

a. Determine the size (Aj) and the XKSAT; values for each soil subarea.
b. Calculate the area-weighted value of XKSAT by using Equation 4.4.
¢. Select corresponding values of PSIF and DTHETA from Figure 4.3.

d. Adjust the XKSAT value for vegetation cover using Figure 4.4, if
appropriate. The adjustment factor may be area-weighted, if neces-

sary.

5. Determine the land-use and/or soil cover for the drainage area and use
Table 4.1 to estimate the surface retention Joss (1A). Arithmetically area-
weight average the values of [A if the drainage area or subbasin is com-
posed of subareas of different 1A.

6. Estimate the impervious area (RTIMP) for the drainage area or subbasin,
and arithmetically area-weight average, if necessary.

4-18 e June 1,1 992




7.

Rainfall Losses

Enter the area-weighted values of JA, DTHETA, PSIF, XKSAT, and RTIMP
for the drainage area or each subbasin on the LG record of the HEC-1 input
tile.

B.  Alternative methods:

Asanalternative to theabove procedures, Greenand Ampt loss rate parameters
can be estimated by reconstitution of recorded rainfall-runoff events on the
drainage area or hydrologically similar watersheds, or parameters can be
estimated by use of rainfall simulators in field experiments. Plans and proce-
dures for estimating Green and Ampt loss rate parameters by either of these
procedures should be approved by the Flood Control District and the local
agency before initiating these procedures.

4.5,2 Initiai Loss Plus Uniform Loss Rate Method
A. When soils data are available:

1.

Prepare a base map of the drainage area delineating modeling subbés'ms,
if used.

Delineate subareas of different infiltration rates {(uniform loss rates) on the
base map. Assign a land-use or surface cover to each subarea.

Determine the size of each subbasin and size of each subarea within each
subbasin.

Estimate the impervious area (RTIMP) for the drainage area or each
subarea. '

Estimate the initial loss (STRTL) for the drainage area or each subarea by
regional studies or calibration. Alternatively, Equation 4.5 or Tables 4.1
and 4.4 can be used to estimate or to check the value of STRTL.

Estimate the uniform loss rate (CNSTL) for the drainage area or each
subarea by regional studies or calibration. Table 4.4 can be used, in certain
situations, to estimate or to check the values of CINSTL.

Calculate the area-weighted values of RTIMP, STRTL, and CN5TL for the
drainage area or each subbasin.

Enter the area-weighted values of RTIMP, STRTL, and CNSTL for the
drainage area or each subbasin on the LU record of the HEC-1 input file.
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Unit Hydrog
Procedures

General

June 1, 1992

Rainfall excess can be routed from a watershed to produce a storm discharge
hydrographat adownstream location (concentration point) by one of two methods:
1) hydraulic routing involving the complete or some simplified form of the equa-
tions of motion (i.e., the momentum equation plus the continuity equation); or 2)
hvdrologic routing involving the application of the continuity equation. Kinematic
wave routing, as available in HEC-1, is an example of simplified hydraulic routing.
Hydrologic routing is usually accomplished by either direct aprilication of the
acuation of continuity (Equation 5.1), or a graphical procedure such as the applica-
iton of the principles of the unit hydrograph.

ds (5.1)
I-0= it
Examples of hydrologic routing by direct application of the equation of continuity
are the Clark Unit Hydrograph (Clark, 1945), the Santa Barbara Urban Hydrograph-
(Stubchaer, 1975), and the Single Linear Reservoir Model (Pedersen and others,
1980). Both the Santa Barbara Urban Hydrograph and the Single Linear Reservoir
Model are simplified (one parameter) versions of the Clark Unit Hydrograph (three
parameter) procedure (Sabol and Ward, 1985). Examples of unit hydrographs that
require a graphical procedure are the SCS Dimensionless Unit Hydrograph,
Snyder’s Unit Hydrograph, S-graphs, and unit hydrographs that are derived direct-
ly fromrecorded runoff data. Graphical or tabular methods of routing rainfall excess
by unit hydrographs are very amenable to hand-calculation methods commonly
used before computers became readily available. Direct mathematical solution of
the equation of continuity, such as the Clark Unit Hydrograph, is more efficiently
conducted with computers and appropriate computer programs.

The recommended procedures for routing rainfall excess in Maricopa County are
either the Clark Unit Hydrograph or the application of selected S-graphs; these two




Ciark Unit Hydrograph

methods are collectively referred to as the Maricopa County Unit Hydrograph
Pracedure MCUHDP). The Clark Unit Hydregraph procedure, as described herein,
is reconunended for watersheds or subbasins less than about 5 square 1niles in size
with an upper limit of application of 10 square miles. The application of 5-graphs
is recommended for use with major watercourses in Maricopa County.

A unit hydrograph is a graph of the time distribution of runoff from a specific
watershed as the result of one inch of rainfall excess that is distributed uniformly
over the watershed and that is produced during a specified time period (duration).
Theduration of rainfall excess is not generally equal to the rainfall duration, because
a unit hydrograph is derived from or is to be representative of a specific watershed.
A unit hydrograph is a lumped parameter and reflects all of the physical charac-
teristics of the watershed that will affect the time rate at which rainfall excess will
drain from the land surface.

The principles of the unit hydrograph were introduced by Sherman (1932) who
observed that for a watershed all hydrographs resulting from a rain of the same -
duration have the same time base, and that ordinates of each storm hydrograph
from the watershed are proportional to the volume of runoff if the time and areal
distributions of the rainfalls are similar. The principles that are applied when using
a unit hydrograph are:

1. For a watershed, hydrograph base lengths are equal for rainfall excesses of
equal duration.

2. Hrdrograph ordinates are proportional to the amount of rainfall excess.

3. A storm hydrograph can be developed by linear Superposition of incremental
hydrographs.

Application of these principles requiresalinear relation between watershed outflow
and storage within the watershed, S = KO. However, Mitchell (1962) has shown that
nonlinear storage, 5 = KO¥ is a condition that occasionally occurs in natural
watersheds. A method has been developed by Shen (1962) to evaluate the linearity
of the storage-outflow relation for gaged watersheds. Mitchell (1972) developed the
model hydrograph for use in watersheds that have nonlinear storage-outflow
characteristics. Presently no method has been devised to evaluate the linearity of an
ungaged watershed, and the assumption of linearity is a practical necessity in
virtually all cases.

Clark Unit Hydrograph

Hydrologic routing by the Clark Unit Hydrograph methed is analogous to the
routing of an inflow hydrograph through a reservoir. This analogy is illustrated in
Figure 5.1. The inflow hydrograph, called the translation hydrograph in the Clark
method, is determined from the temporal and spatial distribution of rainfall excess
over the watershed. The translation hydrograph is then routed by a form of the
equation of continuity:




Unit Hydrograph Procedures
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Ciark Unlt Hydrograph

C}f: {:Ii + (l - C)Ol-l (52)
where
c-_24t (5.3)
2R + At

Oi is the instantaneous flow at the end of the time period; Oj-1 is the instantaneous
flow at the beginning of the time period; Ii is the ordinate of the translation
hydrograph; At is the computation time interval; and R is the watershed storage
coefficient. The Clark Unit Hydrograph of duration, At, is obtained by averaging
two instantaneous unit hydrographs spaced At units apart:

Ui =0.5(0; + 0i-1) (5.4)
where Uj = the ordinates of the Clark Unit Hydrograph.

The Clark method uses two numeric parameters, Tc and R, and a graphical
parameter, the time-area relation. Clark (1945} defined Tc as the time from the end
of effective rainfall over the watershed to the inflection point on the recession limb
of the surface runoff hydrograph as shown in Figure 5.2. In practice, for ungaged
watersheds this time is usually estimated by empirical equations since runoff
hydrographs from the watershed are not often available.

The second parameter is the storage coefficient, R, which has the dimension of time.
Thir. parameter is used to account for the effect that temporary siarage in the
watershed has on the hydrograph. Several methods are available to estirnate R from
recarded hydrographs for a basin. As originally proposed by Clark {1345), this
parameter can be estimated by dividing the discharge at the point of inflection of
the surface runoff hydrograph by the rate of change of discharge (slope of the
hydrograph} at the inflection point as shown in Figure 5.2.

Another technique for estimating R is to compute the volume remaining under the
recession limb of the surface runoff hydrograph following the peint of inflection
and to divide the volume by the discharge at the point of inflection. Both of these
methods require the ability to identify the inflection point on the recession limb of
the runoff hydrograph. This is difficult if not impossible for complex hydrographs
and flashy hydrographs such as occur from urban basins and natural watersheds
in the Southwest. A method to estimate R by a graphical recession analysis of the
hydrograph has been proposed (Sabol, 1988) and this method provides much more
consistent results than do the previously described methods. The parameter, R,
should be estimated by the analysis of several recorded events; however, in most
cases recorded discharge hydrographs are not available and R must be estimated
by empirical equations.

The time-area relation, a graphical parameter, is necessary to compute the transla-
tion hydrograph. The time-area relation specifies the accumulated area of the
watershed that is contributing runoff to the outlet of the watershed at any point in
time. Procedures to develop a time-area relation for a watershed are discussed ina
later section of this manual.
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Figure5.2
Definition Sketch of Clark Unit Hydrograph Parameteis
from hydrograph analysis

The application of the Clark Unit Hydrograph method is best desaribed with a
simple example. A watershed is shown in Figure 5.3(a), and a rainfall hyetograph
and rainfall excess distribution are shown in Figure 5.3(b). For the example water-
shed and given intensity of rainfall excess, the time of concentration is estimated at
25 minutes. An isochrone interval of 5 minutes is selected and the watershed is
divided into five zones by isochrones as shown in Figure 5.3(a). The areas within
each isochrone zone are measured and the dimensionless time-area relation is
developed as shown in the table and depicted in Figure 5.3(c). The translation
hydrograph of the time rate of runoff is developed by considering each incremental
unit of runoff production that would be available as inflow to a watershed routing
model. For example, at the end of the first 5 minutes of rainfall excess the runoff
that is available at the outlet of the watershed is the product of incremental area A1,
and the rainfall excess R1.

_ <
I1=(A1R1) x o

where ¢ = 6{0.5cfs/acre-inch/minute

""""""" A L e P L A L L DI LG b SRR
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Ciark Unit Hydrograph
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Example of Storm Hydrograph Generation using the Clark Unit Hydrograph Method
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Unlt Hydrograph Procedures

At =5 minutes
I1 = (8acres),10inch)(60.5 cfs/acre-inch/minute} / (5 minutes)
= 97cfs

At the end of 10 minutes the available runoff is

_ c
Ip=(A1R2+ A2R1) X Ar

= [(8)(.55) + (24)(.10)] x %

=823 cfs

At the end of 15 minutes the available runoff is

I3 = (A1R3 + A2R2 + A3R1) X i

= [(8)(.30) + (24)(.55) + (38)(.10)] x é';-”

=234.7 cfs

At the end of 20 minutes the available runoff is

It = (A1R4 + A2R3 + A3R2 + A4R1) X i

= [(8)(.15) + (24)(.30) + (38)(.55) + (32X.10)] 6—%_5

=3935 cfs
At the end of 25 minutes the available runoff is

I5 = (A1R5 + A2R4 + A3R3 + A4Rp + A5R1) X i

= [(8)(0) + (24)(.15) + (38)(.30) + (32)(.55) + (18)(.10)] x %

=416.2 cfs

Notice that, for this example, all incremental rainfalls equal 0.0 from R5 onward.
At the end of 30 minutes the available runoff is

I =(A3R4 + A4R3 + A5R2) X =

= [(38)(.15) + (32)(.30) + (18)(.55)] % %

=304.9 cfs




Limlitations and Appilcations

At the end of 35 minutes the available runoff is
£
At

)
= [(32)(.15) + (18)(.30)] QOSi
=1234cfs

I7 = A4R4 + A5R3) X

At the end of 40 minutes the available runoff is

8= (A3R4) X -7
(18 15)) x 232
Fcfs

After 45 minutes (rainfall excess of 20 minutes plus travel time of 25 minutes) the
available runoff is

)

=3

Ig=0cfs

The translation hydrograph (I;) is shown in Figure 5.3(d). This theoretical
hydrograph has the correct volume of runoff from the watershed, however it does
not reflect the effects of routing through the watershed. The translation hydrograph
is then routed and averaged using Equations 5.2 through 5.4 resulting in the final
runoff hydrograph. For this example, assume that R = 15 minutes, and the runoff
hydragraph is shown in Figure 5.3(d). Notice that the Clark Unit Hydrograph itself
was never developed per se but that the three principles of the unit hy<frograph
were appiied directly (mathematically) to the rainfall excess without performing
graphica! superposition of ratios of a unit hydrograph. Computationally, this
process can be completed very quickly and conveniently with a computer program
such as is done with HEC-1.

Limitations and Applications

There are no theoretical limitations governing the application of the Clark Unit
Hydrograph; however, thereare some practical limitations that should be observed.
The method thatis used to estimate the parameters may dictate limitations in regard
to the type or size of watershed that is being considered. If the parameters are
estimated through an analysis or reconstitution of a recorded rainfall-runoff event,
the parameters would beconsidered to be appropriate for that particular watershed,
regardless of type or size. This is the preferred method of parameter estimation, but
there will be limited opportunity for this approach because of the scarcity of
instrumented watersheds in Maricopa County. The parameters could be estimated
by indirect methods, such as a regional analysis of recorded data. In this case,
application of the parameter estimation procedures should be applied only to those
ungaged watersheds that are representative of the watersheds in the data base. Most
often, the parameters are estimated by generalized relations that may have been
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developed from a relatively large and diverse data base. The parameter estimation
procedures that are recommended herein are of this last category.

The Clark Unit Hydrograph parameter estimation procedures that are presented in
this manual have been adopted, modified, or developed from an analysis of a large
data base of instrumented watersheds, controlled experimental watersheds, and
laboratory studies; therefore, the application of these procedures is considered to
be appropriate for most conditions that occur in Maricopa County. The types of
watersheds for which the procedures can be applied include urban, rangeland,
developed and natural alluvial fans, agricultural, hillslopes, and mountains.

Watershed size should be 5 square miles or less, with an upper limit of application
to a single basin of 10 square miles. Watersheds larger than 5 square miles should
be divided into smaller sub-basins for modeling purposes. Many watersheds
smaller than 5 square miles should also be divided into sub- basins depending on
the drainage network and degree of homogeneity of the watershed. The subdivision
of the watershed into near homogeneous units should result in improved accuracy.
Subdivision may also be desirable or required to determine dischargesat concentra-
tion points within the watershed.

Development of Parameter Estimators

The procedures for parameter estimation are based on available literature, research
results, and analysis of original data. For example, the Tc equation is based on the
recent research of Papadakis and Kazan (1987). A large data base of recorded
rainfall-runoff data was compiled and analyzed in developing and testing the
procedures. These data are for instrumented watersheds in Arizena, New Mexico,
Colorado, and Wyoming. A discussion of the development and testing of these
procedures is contained in the Documentation Manual that is a companion to the
Hydroloy Manual.,

Estimation of Parameters

The following procedures are recommended for the calculation of the Clark Unit
Hydrograph parameters for use in Maricopa County. Other general procedures, as
previously discussed, can be used, however, these should be approved by the
jurisdictional agency prior to undertaking such procedures.

5.5.1 Time of Concentration

Time of concentration is defined as the travel time, during the corresponding period
of most intenserainfall excess, for a floodwave to travel from the hydraulically most
distant point in the watershed to the point of interest (concentration point). Note
especially that Tc is not the travel time taken for a particle of water to move down
the catchment, as is often cited in engineering texts. The catchment is in equilibrium
when Tc is reached because the outlet then “feels” the inflow from every portion of
the catchment (Bedient and Huber, 1988). Since a wave moves faster than a particle
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of water, the time of concenitration (and catchment equilibrium) occurs sooner than
if based on overland flow or channel water velocities. An empirical equation for
time o+ concentration, Tc, has been adopted with some procedural modifications
from Papadakis and Kazan (1987):

Te=11.4 LO'5OK50525'”'31:’0'38 (5.5)

where Tc = time of concentration in hours

L = length of the flow path for Tc in miles
Kb = representative watershed resistance coefficient
5 = watercourse slope in feet/mile and

i = theaverage rainfall excess intensity, during the time Tc,
in inches/hour.

Watercourse slope, S, is the average slope of the flow path for the same watercourse
that is used to define L. The magnitude of S can be calculated as the difference in
elevation between the two points used to define L divided by the length, L.
Watersheds in mountains can result in large values for S—which may result in an
underestimation of Tc. This is because as slope increases in natural watersheds the
runoff velocity does not usually increase in a corresponding manner. The slope of
steep natural watercourses is often adjusted to reduce the slope, and the reduced
slope is used in calculating runoff travel times. The slope of steep natural water-
courses should be adjusted by using Figure 5.4.

The selection of a representative watershed resistance coefficient, Kp, similar in
concept to Manning's nin open-channel flow, is very subjective and therefore a high
degree of uncertainty is associated with its use. To diminish this uncertainty and to
increase the reproducibility of the procedure, a graph is provided in Figure 5.5 for
the selection of K based on watershed classification and watershed size. Interpola-
tion can be used for a given watershed size and mixed classification. Equations for
estimating K are given in Table 5.1.

The value of 7 in Equation 5.5 requires the knowledge of both the distribution of
rainfall excess intensity and the time of concentration, which s, of course, unknown.
Therefore, Equation 5.5 must besolved in a trial-and-etror procedure. First, the time
distribution of rainfall excess must be estimated for the design rainfall distribution
and a graph of average rainfall excess intensity versus time prepared. Then a value
of Tc is assumed and the corresponding value of i is read from the graph. Equation
5.5 is solved with that value of i. If the calculated value of Tc is reasonably close to
the value that was assumed for i then the solution is finished; if not, then assume a
new value of Tc, recalculate i, and recalculate Tc with Equation 5.5. The solution for
Tc should converge within three trials.

A worksheet has been prepared that facilitates the calculation of Tc. Appendix E is
a copy of this worksheet and the Examples section of this manual shows how it is
used. Alternatively, program “MCUHP1” can be used which will also provide the
necessary HEC-1 input file.
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Tabie 5.1
Equation for Estimating Kb In the Tc Equation
Kh=mlogA+b
Where A Is drainage area, in acres
Equation
Typlcal Parameters
Type Description Applications m b
A | Minimal roughness: Relatively smooth | Commercial/ -0.00625 0.04
and/or well graded and uniform land industrial areas
surfaces. Surface runoff is sheet flow. | Residentiat area
Parks and golf
courses
B | Moderately low roughness: Land Agricultural fields | —0.01375 0.08
surfaces have irregularly spaced Pastures
roughness elements that protrude Desert rangelands
from the surface but the overali Undeveloped
character of the surface is relatively urban lands
uniform. Surface runoff is
predominately sheet flow around the
roughness elements.
C | Moderately high roughness: Land Hiilslopes -0.025 0.15
surfaces that have significant large- to | Brushy alluvial
medium-sized roughness elements fans
and/or poorly graded land surfaces Hilly rangeland
. 1at cause the flow to be diverted Disturbed land,
areund the roughness elements, mining, etc.
Surface runoff is sheet flow for short | Forests with
distances draining into meandering underbrush
drainage paths.
D | Maximum roughness: Rough land Mountains —0.030 0.20
surfaces with torturous flow paths. Some wetlands
Surface runoff is concentrated in
numerous short flow paths that are
often oblique to the main flow
direction.
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5.5.2 Storage Coefficient

5.5.3

Verv liile literature xists on the estimation ot the storage ccefficient (R} ior the
Clark Unit Hydrograph. Clark (1945) had originally proposed a relation between
Tc and R since they can both be defined by locating the inflection point of a runoff
hydrograph (refer to Figure 5.2). The Corps of Engineers has discussed the develop-
ment of regionalized relations for Tcand R as functions of watershed characteristics
in Training Document No. 15 (U.S. Army Corps of Engineers, 1982b). According to
Corps procedures, Tc and R are estimated from relations of Tc + R and R/(Tc + R}
as functions of watershed characteristics. These forms of empirical equations indi-
cate an interrelation of Tc and R, and such dependence was observed in the data
base, as discussed in the Documentation Manual. The equation for estimating R for
Maricopa County is:

where R = storage coefficient in hours

Tc = time of concentration in hours
A = drainage area in square miles, and
L

i

length of flow path in miles.

Time-Area Relation

Either a synthetic time-area relation must be adopted or the time-area relation for
the watershed must be developed. If a synthetic time-area relation is not « -4, the
tirne-zr-: relation is developed by dividing the watershed into incremental runoff
prodiring areas that have equal incremental travel times to the outflow location.
This i= 2 difficult task and well defined and reliable procedures for this are not
availabie. The following general procedure is often used:

1. Use a topographic map of the watershed to trace along the flow path the
distance from the hydraulically most distant point in the watershed to the
outflow location; this defines L in both Equations 5.5 and 5.6.

2. Draw isochrones on the map to represent equal travel times to the outflow
location. These isochrones can be established by considering the land surface
slope and resistance to flow, and also whether the runoff would be sheet flow
or would be concentrated in watercourses. A good deal of judgement and
interpretation is required for this.

3. Measure and tabulate the incremental areas (in an upstream sequence) as well
as the corresponding travel time for each area.

4. Prepare a graph of travel time versus contributing area (or a dimensionless
graph of time as a percent of Tc versus contributing area as a percent of total
area). The dimensionless graph is preferred because this facilitates the rapid
development of new time-area relations should there be a need to revise the
estimate of Tc.
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Synthetic time-area relations can be used such as the default relation in the HEC-1
program:

(5.7)

N
]

1.414TH 0<T <05

*®

1-4" = 1.4141 - TH? 05<T <10

where A* = contributing area in percent of total area and

T* = timein percent of Tc.

Equation 5.7 is a symmetric relation and is not recommended for most watersheds
in Maricopa County.

Two other dimensionless time-area relations have been developed during the
reconstitution of recorded rainfall-runoff events as described in the Documentation
Manual. Thesedimensionless relations for urban and natural watershedsare shown
in Figures 5.6 and 5.7. Each of these figures show a synthetic time-area relation and
a shaded zone where the time-area relation is expected to lie. For an urban water-
shed, the synthetic time-area relation of Figure 5.6 is recommended, and for a
natural (undeveloped) watershed the synthetic time-area relation of Figure 5.7 is
recommended. If a time-area relation is developed from the watershed map, which
is generally recommended for unusually shaped watersheds, then the resulting
relation should lie within the shaded zones in either Figures 5.6 or 5.7. The HEC-1
default time-area relation is shown for comparison in each figure. Tabulated values
of the dimensionless time-area relations are shown in Table 5.2.

The computation interval (NMIN) on the IT record of HEC-1 must be selected to
correspond to the time of concentration for the unit hydrograph. Thiz requirement
is necessary to adequately define the shape of the unit hydrograph. I'rom Snyder’s
unit hydrograph theory, the unit rainfall duration for a unit hydrograph (computa-
Hon interval) is equal to lag time divided by 5.5. For the 5CS Dimensionless Unit
Hydrograph, the unit rainfall duration is to equal 0.133Tc, and although small
variation in the selection of computation interval is allowed, the SCS recommends
that the duration not exceed 0.25 Tc. Although there is not a rigid theoretical
limitation to how small the computationinterval can be, froma practical standpoint,
too small of a NMIN could result in excessive computer output. Therefore, as a
general rule the computation interval should meet the following:

NMIN =0.15T¢ (5.8)

Equation 5.8 is preferred, however, as a general requirement NMIN should fall in
the range indicated in Equation 5.9.

0.10Tc s NMIN £0.25T¢ (5.9

NMIN is normally selected as a multiple of five minutes. This may require that
watersheds with significantly different sub-basin sizes be modeled with some
sub-basins run separately and the outflow hydrographs from these separate runs
read directly into the multi-basin model.

| June1 ' 1 ng 5-15
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HEC1 defaulf
{Equation 7}
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Table 5.2
Vaiues of the Synthetic Dimensioniess Time-Area Relations
for the Clark Unit Hydrograph

Time, &s a percent Contributing Area, as a Percent of Total Area
of Time of Urban Matural HEC-1
Concentration Watersheds Watersheds Default
(1) (2) | (3) (4)
0 0 0 0.0 .
10 5 3 45
20 18 5 12.8
30 30 8 23.2
40 65 12 35.8
50 77 20 50.0
60 84 43 64.2
B 70 90 75 76.8
80 94 90 874
90 97 96 95.5
100 100 100 100.0

s 5-graph is a dimensionless form of a unit hydrograph and it can t+ used in the
place of a unit hydrograph in performing flood hydrology studies. The concept of
tite 5-graph dates back to the development of the unit hydrograph itself, although
the application of S-graphs has not been as widely practiced as that of the unit
hydrograph. The use of S-graphs has been practiced mainly by the U.S. Army Corps
of Engineers, Los Angeles District, and the U.5. Bureau of Reclamation (USBR).

An example of an S-graph from Design of Small Dams (USBR, 1987) is shown in
Figure 5.8. The discharge scale is expressed as percent of ultimate discharge (Qult),
and the time scale is expressed as percent lag. Lag is defined as the elapsed time,
usually in hours, from the beginning of an assumed continuous series of unit rainfall
excess increments over the entire watershed to the instant when the rate of resulting
runoff equals 50 percent of the ultimate discharge. The intensity of rainfall excess
is 1 inch per duration of computation interval (At). An equivalent definition of lag
is the time for 50 percent of the total volume of runoff of a unit hydrograph to occur.
It is to be noted that there are numerous definitions for lag in hydrology and the
S-graph lag should not be calculated by methods that are not consistent with this
definition.

Ultimate discharge is the maximum discharge that would be achieved from a
particular watershed when subjected to a continuous intensity of rainfall excess of
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Example of an S-Graph from Design of Small Dams (USBR, 1887)

1inch per duration (At) uniformly over the basin. Ultimate discharge (Quit). .~ cubic
feet per second (cfs), can be calculated from Equation 5.10:

_ 645.334 (5.10)

Ti

where A drainage area in square miles, and

At = duration of the 1 inch of rainfall excess in hours.

S-graphs are developed by summing a continuous series of unit hydrographs, each
lagged behind the previous unit hydrograph by a time interval that is equal to the
duration of rainfall excess for the unit hydrograph (At). The resulting summation is
a graphical distribution that resembles an S-graph except that the discharge scale is
accumulated discharge and the time scale is in units of measured time. This graph
is terminatec when the accumulated discharge equals Qult which occurs at a time
equal to the base time of the unit hydrograph less one duration interval. The basin
lag can be determined from this graph at the time at which the accumulated
discharge equals 50 percent of Qult. This summation graph is then converted to a
dimensionless S-graph by dividing the discharge scale by Qult and the time scale
by lag.

In practice, 5-graphs have generally been developed by reconstituting observed
floods to define a representative unit hydrograph and then converting this to an

Tuna 11692
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5.6.1

Unit Hydrograph Precedures

S-graph. Prior to the advent of computerized models, such as HEC-1, flood recon-
stitution was a laborous task of rainfall and hydrograph separation along with
numerous hand-cranked simulations to define the representative unit hydrograph.
Modem S-graph development generally relies on use of optimization techniques,
such as coded into HEC- 1, to identify unit hydrograph parameters that best reproduce
the observed flood.

Although an S-graph is completely dimensionless and does not have a duration of

rainfall excess-associated with it as does a unit-hydrograph, .its:general:shape.and the -

magnitude of lag is influenced by the distribution of rainfall over the watershed and
the time distribution of the rainfall. Therefore, the transposition of an S-graph from
a gaged watershed to application in another watershed must be done'with considera-
tion of both the physiographic characteristics of the watersheds and the hydrologic
characteristics of the rainfalls for the two watersheds.

Limitations and Applications

S-graphs are empirical, lumped parameters that represent runoff charactenstics for
the watershed for which the S-graph was developed. S-graphs that are developed
from recorded runoff data from one watershed can be applied to another watershed
only if the two watersheds are hydrologically and physiographically similar. In
addition, a recent study for the Flood Control District of Maricopa County (Sabol,
1987) has demonstrated that the shape of S-graphs is significantly affected by storm
charactenistics, particularly the maximum intensity of the rainfall. Therefore, it may
not be advisable to adopt S-graphs that have been developed from one hydrologic
zone and to apply these to watersheds in other hydrologic zones because of possible
differences in rainfall characteristics in the two zones that may affect the shape of
the S-graph. Application of S-graphs requires the selection of an appropriate S-graph
and the estimation of the one parameter, basin lag. Four S-graphs have been selected
for use in Maricopa County and a method to estimate lag is provided.

The USBR has revised the Flood Hydrology Studies chapter of Design of Small
Dams (USBR, 3rd Edition, 1987), and it has identified S-graphs for application in
six generalized regional and physiographic type of watersheds. Recently, the USBR
has issued a Flood Hydrology Manual (Cudworth, 1989} that contains extensive
discussion of flood hydrology in general, and S-graphs in particular. Both of these
references should be consulted before using S-graphs. The S-graph has been adopted
as the unit hydrograph procedure by Orange County and San Bernardino County,
California, and selected S-graphs are presented in the hydrology manuals for those
counties. The S-graphs in those hydrology manuals have been selected primarily
from S-graphs that previously had been defined by the U.S. Army Corps of
Engineers, Los Angeles District from a rather long and extensive history of analyses
of floods in California.

An S-graph can, in theory, be used in any application for which an unit hydrograph
can be used. In practice an S-graph must be first converted to an unit hydrograph,
and this can be done by one of two methods. First, The S-graph can be converted to
an unit-hydrograph manually; or second, the S-graph can be converted to an unit
hydrograph by use of the MCUHP2 program. The MCUHP2 program outputs the
HEC-1 input file with the S-graph converted to an unit hydrograph, and the unit
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hydrograph is written to a HEC-1 input file using the UI (Given Unit Graph) record.
The use of MCUHP2 greatly facilitates the use of S-graphs.

Although the S-graph is completely dimensionless and does not have a rainfall
excess duration associated with it, the unit hydrograph does require the specification
of a duration. In general, the same rules and recommendations apply to the S-graph
as were made for the Clark Unit Hydrograph; that is, the duration (computation
interval, NMIN) selected for the development of the unit hydrograph from a S-graph
should equal about 0.15 times the iag. A duration (NMIN) in the range 0.10.t0 0.25
times the lag is usually acceptable.

Sources of S-Graphs

S-graphs for Maricopa County have been selected from a compilation of S-graphs
for the Southwestern United States (Sabol, 1987a) and an evaluation of S-graphs
{Sabol, 1993a) used in the Unit Hydrograph Study (Sabol, 1987b). The sources of
S-graphs for that compilation were reports and file data of the U.S. Army Corps of
Engineers, Los Angeles District, and the USBR, as well as data collected for the Unit
Hydrograph Study from gauged watersheds in Walnut Gulch, Tucson, Aibuquerque,
Denver, and Wyoming.

S-Graphs for Use in Maricopa County

The four S-graphs selected for use 1n flood hydrology studies in Maricopa County
are the Phoenix Mountain, the Phoemx Valley, the Desert/Rangeland, and Agricul-
tural S-graphs. The Phoenix Mountain S-graph is to be used in flood hydrology
studies of watersheds that drain predominantly mountainous terrain, such as Agua
Fria ®uver above Rock Springs, New River above the Town of New River, the Verde
River, Tonto Creek, and the Salt River above Phoenix. Although the Corps of
Engineers developed a separate S-graph for Indian Bend Wash, it is nearly identical
to the Phoenix Mountain S-graph which may also be appropriate for Indian Bend
Wash.

The Phoenix Valley S-graph is appropriate for flood hydrology studies of watersheds
that have little topographic relief and/or urbanized watersheds. However, the Clark
method is still the preferred unit hydrograph method for use in urban areas in
Maricopa County. The Desert/Rangeland S-graph is appropriate for use in natural
areas with little to moderate relief, such as foothills, distributary flow areas, and other
undeveloped desert areas. The Agricultural S-graph as the name suggests should be
used for areas under agricultural crops like cotton, wheat, or vegetables. Table 5.4
summarizes the four S-graphs and describes their general areas of applicability.

The four S-graphs are shown in Figures 5.9, 5.10, 5.11, and 5.12 and the coordinates
of the graphs listed in Table 5.3. The selection of S-graph should be made based on
a comparison of the watershed of interest to the watershed(s) used to develop the
various S-graphs.

5-20
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Table 5.2

Unit Hydrograph Procedures

Tabulation of Coordinates for S-graphs

Percent Ultimate

Time in Percent Lag

Discharge Phoenix Valley| Phoenix Mountain | Desert/Rangeland | Agricultural
0 0.0 : 0.0 0.0 0.0
2 23.0 ' 23.0 23.0 21.0
4 30.0 31.0 31.0 31.0
6 36.0 37.0 36.9 37.0
8 41.0 42.0 41.7. 41.0
10 45.7 46.0 45.9 45.0
12 - 50.0 49.8 49.7 48.0
14 54.1 53.4 53.2 52.0
16 58.0 56.8 56.4 56.0
18 61.7 0.0 59.7 59.0 |
20 66.2 63.1 62.5 52.0 |
22 68.5 66.1 65.3 64.0
24 - 71.6 9.0 58.0° 87.5
26 74.5 71.8 70.6 70.0

| 28 77.5 74.4 73.2 72.5
B 30 80.2 76.8 75.7 75.0
a2 82.7 79.1 78.3 77.5
34 85.0 81.2 80.7 80.0
36 87.2 83.2 83.1 82.5
38 89.0 85.1 85.5 85.0
40 91.1 86.8 87.9 87.5
42 92.9 88.8 90.3 90.0
a4 94.5 31.0 92.7 92.5
46 96.3 93.8 95.1 95.0
48 98.1 96.8 97.5 97.5
B0 100.C 100.0 100.0 100.6
52 102.0 103.4 102.5 103.0
54 104.1 107.0 105.1 106.0
56 106.3 110.8 107.6 109.0
58 108.6 114.7 110.3 112.0
18] 111.0 118.7 113.0 115.0
62 113.5 122.9 115.9 1172.5
64 116.1 127.3 118.0 120.5
B85 118.8 131.9 122.3 123.0
58 121.6 136.7 125.6 127.0
70 124.5 141.7 129.3 131.0
72 127.5 147.1 133.2 135.0
74 130.7 152.8 137.4 1386 |
76 134.1 158.8 141.9 142.0
78 137.7 165.5 146.8 147.0
80 141.5 172.9 1521 162.5
82 145.5 181.6 158.0 158.0
84 149.9 191.0 164.5 165.0
B 86 154.6 201.0 172.0 172.5
88 159.6 212.0 180.4 179.0
30 165.6 226.0 190.7 190.0
92 173.6 244.0 202.9 203.0
94 186.6 265.0 217.9 220.0
96 200.6 295.0 239.6 243.0
98 223.6 342.0 273.2 280.0
100 298.6 462.0 367.7 448.0
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5.6.4 Estimation of Lag

The application of an S-graph reguires the estimation of the parameter, basin lag. A
general relattonship for basin lag &s 2 fuaction of watershed characteristics is given
by Equation 5,11,

5.11)
I Lea m (5
—c

\ § J

where Lag=basin lag in hours

L = length of the longest watercourse in miles

Ica. = length along the watercourse to a point opposite the centroid in
miles

S =  watercourse slope in feet per mile

C = coefficient and m & p = exponents.

The Corps of Engineers often uses C = 24Kn where Kn is the estimated mean
Manning’s n for all the channels within an area, and m = 0.38. The USBR (1987)
has recommended that C = 26Kn and m = 0.33. Both sets of values in Equation 5.11
will often result in similar estimates for Lag. Traditionally the exponent, p, on the
slope is equal to 0.5.

It should be noted that Kn is a measure of the hydraulic efficiency of the watershed
and it is not necessarily a constant for a given watershed for all raintail depths and
rainfali intensities. Asrainfall depth and/or rainfall intensity increases the eificiency
of runoff increases and Kn decreases. Therefore, some adjustment in Kn should be
made for use with rainfalls of different magnitudes (frequencies). Generally, Kn is
the smallest for extreme floods such as PMFs and increases as the frequency of event
INCreases.

5.6.4.1 Selection of Kn The selection of a representative Kn value for a particular
watershed is an inherently subjective process. However, some guidelines are given
for the selection of Kn in Mancopa County in conjunction with the four recom-
mended S-graphs. Table 5.4 contains a summary of these guidelines. Additional
guidance may be gleaned from the calculated Kn values for numerous watersheds
provided in Appendix K. Care should be taken to keep in mind the limitations
discussed above when selecting Kn for any given watershed.

Several graphical relations are available for estimating basin lag. One such relation
(U.S. Army Corps of Engineers, 1982a) is shown in Appendix K. Several other
relations that should.be consulted when using S-graphs are contained in Design of
Small Dams (USBR, 1987) and the USBR Flood Hydrology Marual (Cudworth,
1989).



Unit Hydrograph Procedures

‘When estimating basin lag the following éteps should be used:

I. From an appropriate map of the watershed, measure drainage area (A), and the
values of L, Ica, and S.

Calculate the basin factor LLca/(SO‘S).

[

‘3. Use-data in. Appendix K or the: tables in Design:of Small Dams or the Flood
Hydrology Manual to-attempt to identify watersheds of the same physiographic
type and similar drainage area and basin factor. Make a list. of watersheds with:
similar drainage areas and basin factors,.and tabulate the estimated value of Kn
for those watersheds, and the measured lag. ... .

4, ;Es'timat-e Kn for the watershed by inspection of the tabulation, step 3.

S, Estimate lag by Equation 5.11. Use values of C and ‘n;'corresponding to the
source (U.S. Army Corps of Engineers or USBR) that was used to estimate Kn.

6. Compare the calculated lag with the measured lag for similar watersheds (step 3).

The use of measured values of Kn from hydrograph reconstitutions of similar
watersheds will provide the most reliable estimates of Kn and basin lag.



Tahle 5-4
5-Graphs and Kn Values

| Kn
S-Graph Type Description " Min | Avg T,\‘a‘;; Description
[ Phoenix Valley Vé?s?ﬁiﬁw siopes '0.016| - [0.15 | variations dependent upon slope, degree of urbanization
and/or partially and connected impervious areas and development of
urbanized organized drainage improvemnents; extreme high values

may be appropriate in very ﬂat areas with little or no
drainage network o

Phoenix Mountain | Mountain 0.045| 0.05 |0.055 quite rugged, with sharp ridges and narrow, steep
canyons through which watercourses meander around
r sharp bends, over large boulders, and considerable
devbris obstruction; grojnd cover, excluding small areas
of rock outcrops. includes many trees and considerable
underbrush; no drainage improvements

Foothills 0.027 0.03 |0.033! gently rolling, with rounded ridges and moderate side
slopes; watercourses meander in fairly straight channeis
with some boulders and lodged debris; ground cover
includes scattered brush, cactus and grasses; no

. ) | drainage improvements o
Desert/Rangeland | Gently sloping natural 0.020| 0.025|0.03 | variations from minimum to maximum roughness due to
' areas including degree of definition of watercourses, extent of
distributary flow areas | | vegetation, and land surface hydraulic condition
Agricultural Actively cultivated 0.06 [ 0.10 |0.15 | variations from minimum to maxmum dependent upon
areas with crops | slope, crop type and densnty

Note:  The majority of Kn data upon which these values are based come from rainfa{l-runoff events of magnitude less than the 100-year event,
Therefore, selected Kn values for a given design storm need to be evatuated for the purposes of modeling a particular watershed response
to that design storm.
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Channel Routing

Channelwi‘R

General

" Channel routing involves generation of an outflow hydrograph for a reach where an

inflow hydrograph is-specified. A reach is either an.open. channel with certain
geometrical/structural specifications, or a pipe with open channel flow. This type of
application assumes that the flow is not confined, and that surface configuration,
flow pattern and pressure distribution within the flow depend on gravity. It also
assumes that there is no movement of the bed or banks. In addition no backwater
effects are considered.

A routing technique is normally required for a multi-basin design where flow is to
be moved through time and space from one flow concentration point to the next. For
the purposes of this manual, two types of open channels, natural and urbanized, are
considered. Kinematic Wave Routing may be applied for urbanized channels since
the routing process involves minimal attenuation. Non-pressurized pipe flow will
also be through Kinematic Wave Routing procedures. Muskingum Routing may be
used for natural, undeveloped channels since the method simulates outflow peak
attenuation resulting from storage in the system. The Muskingum-Cunge Routing
method may be used for both natural and man-made channels. However, since the
1992 revisions to the Drainage Design Manual, Volume 1, some problems have been
discovered with the use of Muskingum-Cunge routing in certain circumstances. For
example, different results may occur if NMIN is changed. Also, peak discharges
have been noted to increase through a routing reach. This problem appears to be
especially acute when quickly rising hydrographs are routed through steep channel
reaches. Another problem occurs with flat or null hydrographs. The lack of wave
celenty in these flat hydrographs causes HEC-1 to fail to complete normal program
execution (i.e. it crashes). Therefore, a third routing method ts suggested as an
alternative to Muskingum-Cunge routing, if a change 1s required or preferred by the
engineer or hydrologist. This third method is the Normal-Depth routing method.
All of these routing methods are options in HEC-1 which is again the principle
modeling tool of the Hydrology Manual. The Modified Puls method which is
typically used for routing through a structure or a detention basin is discussed in
detail in the Drainage Design Manual, Volume [I, Hydraulics.




Kinematic Wave Routing

Kinematic Wave Routing

60.2.2

6.2.3

6—2 bt g,

The Kinematic Wave Routing as described in HEC-1 can be applied for routing of
overland flow, collector channels and the main channel. However, for the purposes
of this manual, the overfand flow option of the Kinematic Wave will not be used.
The overland flow analysis will be performed using the Marnicopa County Unit
Hydrograph Procedure (MCUHP), described in Chapter 5 of this manual. Once a

-~ hydrograph is generated through the MCUHP; it"can be used-as the inflow hy-

drograph for an urbanized open channel or a pipe where an outflow hydrograph is
required. These reaches can be treated as collector channels or the main channel, as
the case may be.

Collector Channel

Modeling of flow at a point where it becomes channel flow to a point where it enters
the main channel 1s done as a collector channel element. Tt is assumed that the flow
along the path of the channef is uniformly distributed. This is a proper assumption
for a case when overland flow runs directly into a gutter. It is also a reasonable
approximation of the flow as it passes through a storm-drain system from a catch
basin and the collector pipes along the collector channels.

Main Channel

The main channel element can be used to route inflow from an upstream subbasin
or a combination of inflows from collector channels along a subbasin. The flow is
assumed to be uniformly distributed, which appears to be a reasonable assumption
when the flow is received from collector channels at several locations.

Parameter Selection

The data requirement for channel routing include surface drainage area, channel
length and slope, channel shape and geometry, Manning’s n, and the inflow hy-
drograph. The designer is referred to the HEC-1 manual for the proper selection of
these parameters.

When working with the Kinematic Wave Method, it is important to be familiar with
the computational procedures inherent in the model. In orderto solve the governing
equations which theoretically describe the Kinematic Wave Method, proper selec-
tion of time step and reach length are required. The designer will specify a channel
reach length and a computational time step for the inflow hydrograph. This time step
could very well be different from the one selected by the computer for computational
purposes. Furthermore, the computer will use this information to select distance
intervals based on the given reach length.

The computational process could unrealistically attenuate the outflow peak. It
appears that a longer reach length would cause more attenuation, To overcome this
problem, the September 1990 version of HEC-1 will calculate the outflow peak by
applying both the time step selected by the designer as well as the one selected by
the program. If the resulting peaks are not reasonably close, the designer can modify



Channel Routing

the selected time step or the reach length to improve the calculations. It should be
noted that the program will compare peak flow values for the main channel and not
the collector channels.

Muskingum Routing

Flow routing through natural channels can be accomplished by applying the Musk-
ingum Routing technique. The main characteristic of natural-channels with respect
to routing is that the outflow peak can be drastically attenuated through storage loss,
a process which is simulated by Muskingum routing.

6.3.1 Parameter Selection

Application of Muskingum Routing requires input values for parameters X and K.
Parameter.X has a range of values 0.0 to 0.5, where 0.0represents routing through
a linear reservoir and 0.5 indicates pure translation. Parameter K indicates the travel
time of a floodwave through the entire routed reach. There are several methods which
can be used to estimate K such as average flow velocity adjusted by a celerity factor,
the ttme difference between peak inflow and peak outflow, or by using stage-dis-
charge relationships. For more details the reader is referred to the HEC-1 manual
and Chapter 7 of this manual. Once again, since the computational method within
HEC-1 may result in an unstable solution, parameters K, X, and NSTPS (number of
steps) must be checked to insure that an adequate number of subreaches is used.

In those rare situations that observed inflow and outflow hydrographs are available,
K, X, and NSTPS can be calibrated by trial and error to enable reproduction of
outflow hydrographs. Chapter 5 of the U.S. Bureau of Reclamation’s Flood Hydrol-
ogy Manual (Cudworth, 1989} 1s an excellent source of Muskingum routing infor-
mation.

Muskingum-Cunge Routing

The Muskingum-Cunge routing method 1s based on the principle of” hydraulic
diffusivity, which simulates an attenuation of the flood peak through the routing
reach. This method can be used for both man-made and natural channels where
overbank flow is expected, provided the conveyance can be accurately descrnibed
with an eight-point cross section. A complete description of Muskingum-Cunge
applications and guidelines for parameter selection can be found in the September
1990, and later versions of the HEC-1 Flood Hydrograph Package, User s Manual.

6.4.1 Parameter Selection
Input data for Muskingum-Cunge routing include energy slope (or bed slope), reach

length, and either the channel shape and a single Manning’s ‘‘n”’ for a man-made
channel, or an eight-point cross section with channel and overbank roughness
coefficients for a natural channel. Example 8 provides guidance on both applications

of Muskingum-Cunge routing.
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Nermal-Depth Routing

- Normal-Depth Routing

The Normal-Depth routing method uses the modified Puls routing method with
storage and outflow data being computed by HEC-1 from channel characteristics
entered by the user into the HEC-1 data file. This method allows the user to define
a representative 8-point cross-section for the routing reach as well as overbank and
main channel roughness values. For.a complete description of the use and applica-
tion of Normal-Depth routing in HEC-1 refer to the HEC-1 User’s Manual.

" January 1, 1995



General

The methodologies presented in this Manual are, for the most part, standard
procedures and practices commonly used inhydrologicanalysis. However, the user
of the manual may not always be familiar with these techniques because of a
different previous experience or interest. A number of examples were developed to
familiarize the user with the presented methods as well as the details of parameter
estimation. In addition, this Chapter should provide some general suggestions to
facilitate particular applications.

Notes on Design Rainfall

Some of the design rainfall criteria that are contained in Chapters 2and 3 werebased
on the analysis of published rainfall statistics for the Phoenix metropolitan area.
Specifically, the 2-hour storm distribution (Figure 2.15), Pattern No. 1 of the 6-hour
stormdistribution (Figure 2.16), and the intensity-duration-frequency relation (Fig-
ure 3.2), were all developed from rainfall statistics in NOAA Atlas 2 for the Phoenix
Sky Harbor Airport location.

Those two storm distributions are dimensionless and therefore there may be little
deviation between the use of those distributions and distributions that would be
developed by the same procedure, but using site-specific rainfall statistics from
NOAA Atlas 2. The 2-hour distribution and Pattern No. 1 of the 6-hour distribution
are intended to be applicable throughout Maricopa County. However, there could
be situations where site-specific distributions would be appropriate. In such cases,
the distributions can be developed by the same procedures that were used to
develop the distributions in this manual. The Documentation Manual should be
consulted to obtain the details of the procedure. The use of the PREFRE program
is encouraged in the development of the site-specific depth-duration-frequency
statistics. ‘
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Nwoties on Calcuiating Loss Parameters

When using the Rational Method in Maricopa County, the intensity-duration-fre-
quency (I-D-F) curve (Figure 3.2} is for the Pheenix metropolitan area, That I-D-F
curvecan be used throughout Maricepa County; however, there could besituations
where a site-specific I-D-F curve would be appropriate. Ir such cases, the I-D-F
curve can be developed from site-specific rainfall statistics from NOAA Atlas 2. The
use of the PREFRE Program is encouraged when developing the site-specific
depth-duration-frequency statistics. I-D-F graph paper is provided in Appendix G.

Before developing and using site-specific rainfall criteria (the 2-hour storm distribu-
tion, Pattern No. 1 of the 6-hour distribution, or the rainfall intensity-duration-fre-
quency refation), this should be discussed with the Flood Control District and the
local agency.

Notes on Calculating Loss Parameters

1.

Since many of the soil groups contain horizons of different textures, the top
horizon may or may not control the total volume and rate of infiltration. The
decision of which soil layer controls theinfiltration rate is based on soil texture,
horizon thickness, and the accumulated depth of water during the initial
low-intensity period of a design storm. As a general rule, sandy and loamy
sand soils less than 2 inches thick will not act as the controlling horizon during
a 100-year design storm.

Use caution when applying impervious cover percentages using the RTIMP
variable. RTIMP will directly convert the assigned percentage of areai rainfall
to runcff, If the SCS soil description lists a soil group as having 25 percent rock
outcrop, 25 percent of the area will contribute direct runoff to the outlet only
if the rock outcrop areas are hydraulically connected, which is rarely the case.
This situation also exists in urban areas, where theimpervious areas are streets
and driveways rather than rock outcrop. Good judgement should be used to
assess flowpaths and the infiltration characteristics of soils adjacent to imper-
vious areas when using the RTIMP variable.

There are currently three Soil Survey volumes available for Maricopa County
and adjoining areas, generally in the central, eastern, and northern regions.
Copies of the Soil Surveys can be obtained from the Soil Conservation Service
Field Offices.

Map unit values of XKSAT (bare ground) have been calculated based on in-
dividual soil textures, percentage of soil textures in a map unit, XKSAT values
from Table 4.2, and a logarithmic area-weighting procedure. These map unit
values of XKSAT are provided in Appendices A, B, and C. Those values can be
used, in most cases, to calculate basin or subbasin average values of XKSAT.

The PSIF and DTHET A values are taken from Figure 4.3 as a function of the
basin or subbasin average value of XKSAT (bare ground).

XKSAT (bare ground) is adjusted for the effects of vegetation cover by use of
Figure4.4. The PSIFand DTHETA values are not adjusted for vegetationcover.




Appiication

Notes on the Application of the Clark Unit
Hydrograph and the Calculation of Parameters

Ju

ne 1,

The Clark Unit Hydrograph procedure was developed from a database that
includes both urban and natural (undeveloped) desert/rangeland watershed.
Its primary application is for urban watersheds, but is applicable for
desert/rangeland. watersheds also.. In .general, it should not be applied to
agricultural fields or steep mountain watersheds.

The size limitation for a watershed or modeling subbasin must be observed
when using the Clark Unit Hydrograph procedure. The recommended size
limit is 5 square miles with an upper limit of 10 square miles. In addition to
that limit, the calculated Tc should not exceed the duration of rainfall excess.
For example, a 4-square mile subbasin is being used for which the duration of
rainfall excess is calculated to be 1.0 hour and the Tc is calculated as 1.5 hours.
The Clark procedure should not be used and the modeler has two options:
(1) subdivide the subbasin into two or more smaller subbasins so that none of
the Tcs exceed the duration of rainfall excess; or (2) use another unit
hydrograph procedure such as the S-graph.

Tc represents the time for a floodwave to travel from the hydraulically most
distant point in the watershed to the outlet during the most intense period of
rainfall excess. The flow path length (L) represents the hydraulic length cor-
responding to Tc, For a natural channel, L is the length of watercourse from
the outlet to a point defining the hydraulically most distant point. Foranurban
basin where flow is mainly in streets and no primary channels exist, an average
flow path should be selected, such as a line parallel to grade from the outlet to
the upper watershed boundary.

Excess Rainfall Values: When developing the peak period of rainfall excess on
the “Calculation of Tc & R” worksheet (Appendix E), start at the largest depth
for the Atused, choose thelargest value above or below the peak, then the value
above or below those two, and so on so that a contiguous grouping results. Do
not list the depth values in a strictly descending order unless they are con-
tiguous. Example:

Time Excess(in) Rank Sorted
1415 0.21 6 = 0.40
1420 0.28 5 0.35
1425 0.35 2 0.32
1430 0.40 . 1T — 0.33
1435 0.32 3 0.28
1440 0.33 4 0.21
1445 0.18 7 0.18




Notes on the Application of S-graphs

Alternatively, program "MCUHP1" can be used to calculate Tc and R. This
program will also construct the basin HEC-1 input file containing the appro-
priate Clark input (UC and UA records).

Worksheet: The worksheet allows a maximum of eight excess rainfall values
to be entered, and this is sufficient in most cases, As a result, if At =5 minutes
(where At is hydrograph time step), then Tc should be less than (8*5)=40
minutes. For At = 10 minutes, Tc < 80 minutes, and so on. Remember that in
no case should Tc be less than At for computafioiial stability. The-worksheet
can be modified to allow calculation using any number of rainfall excess
values, The worksheet is not needed if the MCUHP1 program is used.

Remember that Tc ts a function of excess rainfall intensity and must be
recalculated when the duration or frequency of a design storm is changed. If
multiple frequencies are desired for a given duration, it may be acceptable to
construct a graph of Tc vs. Frequency, when the peak producing portion of the
distribution is maintained. In such a case, plot the 2, 10, and 100 year Tc values
on semi-log paper, and interpolate intermediate values.

When calculating Tc for natural watersheds with overall slopes greater than
200 feet/mile, use Figure 5.4 to adjust the slope.

In cases where more than one basin roughness exists in a watershed, the basin
roughness factor (Kb) should be weighted in the following manner:

Say a 3.75 square mile watershed is 35 percent ‘“‘moderately low roughness’
(Type B) and 65 percent “‘moderately high roughness” (Type C). Calculate Kp
separately for each roughness category, then weigh according to percentages,
le.:

"

Type B
Type C

~0.01375 (log 3.75 x 640) + 0.08 = 0.034
-0.025 (log 3.75 x 640) + 0.15 = 0.065
Kb = (0.35)(0.034) + (0.85)(0.085) = 0.054

75 Notes on the Application of S-graphs

1.

The recommended S-graphs for Maricopa County, 1.e., Phoenix Mountain,
Phoenix Valley, Desert/Rangeland, and Agricultural S-graphs, should only be
applied to large, natural watersheds. The Phoenix Valley S-graph can also be
applied to large, urban basins. This is in part due to the fact that the original
data base in Arizona applied the methodology to large watersheds. As a lower
limit of application a watershed area of 5 square miles can be considered.

The Kn should be selected from the best available information. General
guidance and some regional data are available from the U.S. Ammy Corps of
Engineers (Figure 5.11). A broader range of data for watersheds in Maricopa
County is provided in the U.S. Bureau of Reclamation, Flood Hydrology Marnial

7-4
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Application

{Cudworth, 1989). The 5-Graph Study (Sabol, 1987) contains Lag and watershed
characteristics data that are not generally contained in cther publications.
These svurces should be consulted when selecting K.

The manual discusses two slightly difterent forms of the Lag equation, one by
the U.5. Army Corps of Engineers and one by the U.S. Bureau of Reclamation.
The form of the equation that corresponds to the source used in selecting Kn
should be used.

Program MCUHP?2 can be used to convert an 5-graph into a unit-graph. This
program, provides the necessary basin HEC-1 file with the appropriate rainfall
pattern distribution.

The length to centroid (Lca) is measured along L to a point on L that is
essentially opposite {(perpendicular to) the basin centroid. L¢a is not measured
to the centroid unless the centroid happens to lie on the flow path line (L).

Notes on the Application of Kinematic Wave
Routing

1.

Kinematic Wave Routing is most appropriately used where peak attenuation
and channel transmission losses are not expected to be significant. The usual
applications are for defined urban channels and short, steep natural channels.

The computational procedure of the Kinematic Wave Routinig Method may
unrealistically attenuate the outflow peak. [t appears that longer reach lengths
cause more attenuation. To overcome this problem, the mo:« recent versions
of HEC-1 will calculate the outflow peak by applying both the time step
selected by the designer as well as the one selected by the program. If the
resulting peaks are not reasonably close, the designer can modify the selected
time step or the reach length to improve the calculations. It should be noted
that the program will compare peak flow values for the main channel and not
the collector channels.

When working with Kinematic Wave Routing, channel capacity must be
checked to assure proper conveyance of flow prior to the HEC-1 run. Other-
wise, if the channel is undersized, the program will automatically extend
channel boundaries to contain the flow.

The guidance, comments, and warnings in the HEC-1 User’s Manual should
be studied and carefully observed in applying the Kinematic Wave method.




Notes on the Application of Muskingum Routing

Notes on the Application of Muskingum Routing

1.

The Muskingum Routing method can be used where flood peak attenuation
is expected. The best application of this method is for larger rivers with
relatively flat slopes.

The parameters, K and X, are best determined by the analysis of streamgauge
data, if available. Where such data are available, K and X can be determined
by analytic methods as presented in many hydrology textbooks, or the HEC-1
parameter optimization option can be used. Other regional flood studies (by
the U.S. Army Corps of Engineers and others) may contain the results of such
analyses for larger rivers in the County.

The following parameter estimation procedures apply primarily to natural
stream channels which convey a significant amount of fiow in the overbank
areas during design-frequency events.

NSTPS: The choice of a number of subreaches for a particular stream reach can
be checked for computational stability using the following equation from the
HEC-1 Manual:

1K 1
2(1-X) = NSTPSAt = 2(X)

the travel time through the entire reach in hours

where K =
X = Muskingum X’
At = the computational time step (hrs),
NSTPS = the integer number of subreaches.

K: K is the travel time of the floodwave peak through the entire reach.
Calculation using Manning’s equation is usually an appropriate method for
estimating the floodwave velocity, Vm, with the following provisions:

A. Use an average channel area and wetted perimeter for the reach—
assume bankfull conditions.

B. Choosean ‘n’ value representative of the main channel only—do not
include the overbank roughness in a weighted average.

C. Calculate an average flow velocity for the reach (V).

June 1 ,1992
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D. Use the following ratios (Cudworth, 1989) to estimate Vmi, the
velocity of the floodwave:

Channe} Geometry Vm/V
Wide rectangular 1.67
Wide parabolic 1.44
Triangular 1.33

The value of K is then estimated by dividing the reach length by Vm.
& X: For wide, shallow channels with low to moderate slopes and significant
overbank flow during the design flood being modeled, choose X =0.15 to 0.25.

For steep to very steep, narrow, deep channels with little overbank flow,
choose X = 0.25 to 0.40.

Notes on the Application of
Muskingum-Cunge Routing

Muskingum-Cunge routing (RD record) is an option in HEC-1 that often provides
improved routing simulation over other routing options and it should be con-
sidered for most channel routing requirements. The advantages of Muskingum-
Cunge routing are: (1) the parameters of the model are physically based, and (2) the
method simulates unsteady flow routing over a wide range of flow conditions.

This option can be used with virtually any channel geometry, althcugh for non-pris-
matic channels, a “representative” channel geometry must be selected that repre-
sents the actual channel geometry for the routing reach. For constructed channels
and some natural channels, this routing option can be used by providing all input
on the RD record enly. This requires selection of a predetermined channel shape
(see the HEC-1 User’s Manual). Complex channel geemetry and/or variable chan-
nel roughness (channel and overbank) can be modeled with the additional use of
RC, RX, and RY records. An eight-point cross section is input on the RX and RY
records to describe the representative channel geometry.

The Muskingum-Cunge option is encouraged in routing situations where flow
attenuation due to routing is expected. This will occur in long, broad channels with
relatively mild slopes. There is probably little advantage in using Muskingum-
Cunge rouiing for short, relatively steep channels. In those cases, Kinematic Wave
routing (RK record) may be adequate. For large rivers with gauging stations and
recorded flood hydrographs, Muskingum routing (RM record) may be preferable.
This is particularly true if recorded flood hydrographs are analyzed to estimate the
Muskingum K and X parameters, and the HEC-1 optimization routine can be used
for this purpose.




Notes on the Application of
Muskingum-Cunge Routing

Several points, bevond those in the HEC-1 tiser's Manual, are noted when using
the M::zkingum-Cunge option:

1.

Execution of the HEC-1 program may terminate with a math error message if
the inflow to the routing reach is zero (no runoff generated from the upstream
watershed). This may occur in situations that have either very low rainfall
depth (intensities) or exceptionally high rainfall losses. Conversion of those
RD records to RK (Kinematic Wave Routing) may provide an adequate solu-
tion while maintaining a routine operation in the model. Conversion back to
RD would generally be advised if model input is revised such that runoff to
the routing reach is produced.

The use of the Muskingum-Cunge routing option usually results in longer
computation time in HEC-1. Run time may be increased appreciably when

- using the Depth/ Area Storm option {JD record); however, this alone should

not be a practical deterrent against using the Muskingum-Cunge methoed.

Jung - 1992
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Appendix A

Aguila-C’é’féﬁee
Loss Rate Parameters

Assumptions and criteria used in developing XKSAT tables in Appendices A, B, and C:

1.

Q2

Juna1' .1 o

Soil textures determined in the SCS Soil Surveys were used as a basis for
calculating XKSAT rather than individual soil sieve analyses.

If a soil texture was described as “gravelly,” “very gravelly,” “extremely
gravelly,” etc,, its textural classification was bumped up one level in Table 4.2
to account for higher infiltration rates caused by increased biotic activity below
surface gravels and the decrease in areal pore doggmg from: & Ilmg raindrops.
Example: a “gravelly loam” became a “sandy loam.” st sandy loams
were ngt bumped to loamy sands unless they were descr "v ery gravelly”
or “extremely gravelly.” Conversely, “fine” and “very fizs" . sndy loams were
bumped down to loams, due to their sieve'analyses.

Ifa surface soil horizon was less than 3 inches deep, its XKSAT value was compared
to the adjoining horizon, and the slower rate was reported in the table.

Minor Soil Textures: if more than one texture is assigned to a soil name in the
map unit descriptions, then its minor soil designation was assigned as that
which most closely matched the major soil(s) for the map unit in question. Each
minor soil was given equal weight in determining the weighted map unit
average XKSAT.

Rock Outerop: Soil percentages within map units were normalized based on the
percentage of rock outcrop stated in the soil surveys. Rock outcrop listed as a
minor soil was ignored, since the chances are good that minor outcrop areas are
not hydrologically connected to a subbasin concentration point.

Maricopa Central Part Soil Survey: In the few cases where a minor soil percentage
was not given, 5 to 15% was assumed depending on percentages assigned to
other soils in the series. In the Eastern Maricopa survey, minor soils were
ignored since no percentages were given and because their textures generally
match those of the major soils.
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

DROJECT HYDROLOGY = /??Z. UPDATE _PAGE _. _ OF .
NETAIL COMPUTED Cate
CHEZCKED BY . _23ATE .

EXAMPLES OF XKSAT CALCULATIONS USED 7O CONSTRUCT
TABLES /A APPENDIC/ES A, B, and C.

APPEND/X A

MAP UNIT Ao, &5 (GREYEAGLE - CONT/IMENTAL - A/CKEL ASSOCIATION

A oILsS Y

/TATOR Soits GREVEAGLE GRAVELLY LOAM AT / fo 5 inches [(y5%)
CONMT/INENTAL CLAY Lo4M AT 2 lo £ c¢nches (25 Vo)
MNICKEL VERY GRAVELLY LOAM AT O to X (dnches (/5 %4)

FTINOR SO/ES & o aco  cLAY LOAM
SUN CITY SANDY CLAY LOAM

CAVE LOAM
MOMNAVE CLAY LOAM

ARITZO LOAMY SAND

T TABLE %2, GRAYELNLY AND VERY GRAVE(LY (0AMS (GREYEAGLE AND
NMICKEL ) WILL BE ASSIGNED THE XKSAT VALUE ~FoRk SANDY LoAM.

3% each

XKSAT = L.{:"[ 45 (log 40) + .25 (169.64) + /5 (loq . #0) + .03 {lag . ol) + 03 (log.0&)
* .03 (log.25) + .03 (log.04) + .03 (log 1.2)]= 013 in/br

APPENDIX B_
Map Unvir CO 1 CHERIONI ~ Rack OUTCROE ComPLEX

MATOR S0/L8: CAHERION! VERY GRAYELLY LOAM AT O-& inches (50%)
’ ROCK ODUTCROP (20 %)
MINOR S0ILS : GACHADO VERY BGRAVELLY CLAY LOAM
PINAL LOAHM 30%
GUNSIGHT LOAM
RILLITO LoaM

SINCE 7475 MAP UMIT CONTHAING ROCK OUTCROP, THE SO/L PERCENTAGES MHUST

8& NORMALIZED ! CHERISNI — §0 /00 -20 = L2.5 %
HINOR S&/iLs — 3%/80 % 37.5% /4 = %4 % cach

XY TABLE ¥2, VERY GRAVYELLY LoAM C_CHFRI‘ONI) Wikl BF ASSIBNED THE XKSAT VAlUF

FOR SAANDY LOAM; VERY GRAVELLY CLAY (L0AM WitlL B& ASSIBNED THE VALUE

FOR SANDY CEAY LOAM.
XKSAT = ALOG [.625(!0‘3.40) +.094 (log .06) * 3(,09:{)(’{53_25)] = 0,29 in/br






Aguila-Carefree Soil Survey

Map % of Control XKSAT,
Unk iap Horizen Tabie 4.2 inch/
No. S0l Name USDA 30il Texiurs unit Depth, iInches Textural Class hour
1,2 Antho Sandy Loam i 80 0-3 _ Sandy Loam 7.41
Camzo 4 Loamy Sand
Gilman 4 Loam
Maripo 4 Sandy Loam
Denure 4 Sandy Loam
Monoli 4 Sandy Loam
3,4 Antho Sandy Loam 35 0-3 Sandy Loam 0.58
Camzo Loamy Sand 30 0-28 Loamy Sand
Maripo Sandy Loam 20 0-18 Sandy Loam
Brios 25 Loamy Sand
Gilman 25 Loam
Vim 25 Sandy Loam
Denure 25 Sandy Loam
Momali 25 Sandy Loam
Carizo 25 Loamy Sand
5 Antheny Sandy Loam o 80 0-2 Sandy Loam 0.43
Gila 10 Loam
Arizo 10 Loamy Sand
67  Anto Sandy Loam 40 0-2 Sandy Loam 0eg2
Arizo Vary Gravelly Sandy Loam 40 1-8 Loamy Sand
Arizo Sandy Loam 29 Sandy Luam
8 Arizo Very Cobbly Sandy Loamn 80 18 Loamy Sand 058
Stratified — 20 Sandy Lnam
Sediment
e} Beeline Sandy Loam, Loam, Fine Sandy 70 1-9 Loam 0.2
Loam ) ‘
Cipriang Very Gravelly Loam 15 0-6 Sandy Loam
Ebon 2.5 Sitty Clay Loam
Luke 25 Siity Clay Loam
Gunsight 25 Loamy Sand
Riltito 2.5 Loam
Antho 25 Sandy Loam
Carrizo 2.5 Loamy Sand
10,11 Brigs Loamy Sand 40 02 Loamy Sand (.94
Camizo Very Gravelly Sand 40 260 Loamy Sand
Antho 5 Sandy Loam
Gilman 5 Loam
Maripa 5 Sandy Loam
Vint 3 Sandy Loam
June 1, 1992 A-3



Aquila-Carefree Soil Survey

Map % of Control XKSAT,
Unit Map Horizon Table 4.2 thch/
No. Sol! M USDA Soll Texture Unit Depth, inches Texiura) Class hour
12 Carefree _ Clay 80 1-50 Clay 0.01
Beardsley 4 Clay
Contine 4 Clay Loam
Ebon 4 Silty Clay Loam
Sun City 4 Clay Loam
Gadsden 4 Clay
13 Carefres Clay 50 1-50 Clay 0.01
Beardsley Clay 40 2-36 Clay
Antho 2 Sandy Loam
Camizo 2 Loamy Sand
Contine 2 Clay Loam
Ebon 2 Silty Clay Loam
Sun City 2 Clay Loam
14 Carmzo Very Gravelly Sand 80 160 Loamy Sand 1.04
Antho 6.7 Sandy Loam
Maripo 6.7 Sandy Loam
Brigs 6.7 Loamy Sand
15 Carizo Gravelly Sandy Loam 50 0-5 Sandy Loam 0.54
Gunsight Very Gravelly Sandy Loam Kii] i Loamy Sand
Brios 25 Loamny Sand
Carizg 25 Loamy Sand
Denure 23 Saney Lsam
Cipriano 25 Sandy Lam
Chuckawaliz 25 Siit
Momoli 2.5 Sandy Loam
Pinamt 2.5 Sand
Rillito 25 Loam
16,17 Cellar Very Gravelly Fine Sandy Loam 765 0-3 Sandy Loam 0.44
Rock Outerop 15 —
Nicke 78 Sandy Loam
Eba 78 Sandy Loam
Arizo 78 Loamy Sand
18 Cherioni Extremety Gravelly Loam " Sandy Loam 0.33
Hock Cutcrop 15 1-10 —
Cipriano 7.25 Sandy Lcam
Gachado 7.25 Sit
Gunsight 7.25 Loamy Sand
Sun City 7.25 Clay Loam
A4 June 1, 1992




Aguila-Carefree Soil Survey

Map % of Control XKSAT,
Unit Map Horizon Table 4.2 inch/
No. Soll Neme USDA Soii Textura Unit Depth, inches Texiural Class hour
19,20  Chuckawala Very Gravelly Sandy Clay Loam 45 2-14 Sit 0.18
Gunsight _ Very Gravelly Loam 38 0-3 Sandy Loam
Sal 2.857 Silt
Rinamt 2.857 Sity
Tremant 2.857 Sandy Loam
Hillita 2.857 Loam
Antho 2.857 Sandy Loam
Gilman 2.857 Loam
Maripo 2,857 Sandy Loam
21 Cipriano Very Gravelly Loam 80 0-6 Sandy Loam .38
Cherioni 5 Sandy Loam
Gunsight § Sandy Loam
Sun City 5 Sandy Clay Loam
Camizo 5 Loamy Sand
22 Contine Clay Loam 80 2-30 Clay Loam 5.04
Carefres B6.67 Clay
Eben 8.67 Sitty Clay Loam
Mohall 5.687 Clay Loam
23 Conting Clay 80 p-12 Clay 0.01
Carefree 8.67 Clay
Ebon 6.67 Silty ey Loam
Mohail 867 Clay Lsam
24 Continentai ~ Clay 80 1-80 Clay 0.02
Eba 10 Sandy Loam
Mohave 10 Clay Loam
25 Continental Clay 80 0-60 Clay 0.02
Eba 10 Sandy Loam
Mohave 10 Clay Loam
26 Continental Clay 85 2-60 Clay 0.01
Ohaco 7.5 Clay Loam
Sun City 75 Sandy Clay Loam
27 Continental Clay 55 160 Clay 0.01
Mohave Clay Loam 20 2-20 Clay Loam
Guest 25 Clay
28 Continental Clay 70 260 Clay 0.02
Ohaco Clay Loam 20 227 Clay Loam
Eba 25 Sandy Loam
Sun City 25 Sangy Clay Loam
Anthony 25 Sandy Loam
Arizo 2.5 Loamy Sand
June 1, 1082 A-5



Aguila-Carefrae Soil Survey

Map % of Control XKSAT
Unit Map Horlzon Table 4.2 inch/
Ng. Soli Mame USCA Soli Texture Jdnit Bepth, inches Textural Class hour
29,30 Denure Fine Sandy Loam 40 0-2 Loam 0.34
Momaii Gravelly Sandy Loam 30 0-10 Sandy Loam
Camizo Gravelly Sandy Loam 20 0-10 Sandy Loam
Gilman 3.33 Loam
Maripo 333 Sandy Loam
Camzo 333 Loamy Sand
31,32 Dixaleta Exremely Cabbly Sandy Loam 85 18 Sandy Loam 0.33
Rock Qutcrop _ 35 -
Ohaco 2.5 Clay Loam
Nickel 25 Sandy Loam
Cave 25 Loam
Eba 25 Sandy Loam
Gran 2.5 Clay Loam
Lehmans 25 Clay Loam
33,34,35 Eba Very Gravelly Loam 80 0-3 Sandy Loam 0.23
Pinalena 10 Sandy Clay Loam
Continental 10 Clay
36 Eba Very Gravelly Loam 45 {0-3) Sandy Loam 0.07
Continental Clay 35 {1-60 Clay
Ohaco 5 Clay Loam
Pinalens 5 Saricly Cizy Loam
Sun City 5 Sandv Cigy Loam
Tres Hermangs 5 Clay Luarm
37,38 Eba Very Gravelly Loam 40 (0-3) Sandy Loam 013
Continental Clay 25 (1-60} Clay
Cave Loam 20 {1-14} Loam
Anthony 25 Sandy Loam
Arizo 2.5 Loamy Sand
Greysagle 25 Sandy Loam
QOhaco 2.5 Clay Loam
Nickel 25 Sandy Loam
Pinaleno 2.5 Sandy Clay Loam
9 Eba Very Gravelly Loam 30 03 Sandy Loam 0.29
Nickel Graveslly Loam 25 1-10 Sandy Loam
Cave Leam 25 1-14 Loam
Arizo 4 Loamy Sand
Pinaleno 4 Sandy Clay Loam
Sun City 4 Sandy Clay Loam
Greyeagle 4 Sandy Loam
Ohaco 4 Clay Loam
AH June 1, 1992



Aguila-Carefree Soil Survey

Map % of Comntrol XKSAT,
Unit Map Horlzon Table 4.2 inch/
No. Soll Mame USDA Soll Texture Uni Depth, Inches Texturat Class hour
40,42 Fba Very Gravelfy Loam 45 03 Sandy Loam 017
Pinafeno Gravelly Clay Loam 35 1-12 Sandy Clay Loam
Arizo 25 Loamy Sand
Anthony 25 Sandy Loam
Continental 25 Clay
Ohaco 2.5 Clay Loam
Greyeagle 25 Sandy Leam
Nicket 2.5 Sandy Loam
Vado 23 Sandy Loam
Tres Hermanos 25 Clay Leam
41,43 Eba Very Gravelly Loam 45 0-3 Sandy Loam 0.17
Pinaleno Gravelly Clay Loam 35 112 Sandy Clay Loam
Ohaco 5 Clay Loam
Tres Harmanos 5 Clay Loam
Anthony 5 Sandy Loam
Arizo 5 Loamy Sand
44,45 Ebon Very Gravelly Clay 80 143 Silty Ctay 0.03
Cipriano 2.857 Sandy Loam
Contine 2.857 Clay Loam
Beardsley 2.857 Clay
Luke 2.857 Sitty Clay Loam
Gunsigh! 2.857 Loamy 3and
Mohal! 2.857 Clay Luarm
Pinamt 2.857 Siit
46  Ebon Very Gravelly Clay 45 143 Silty Clay 0.03
Conting Clay Loam 35 0-30 Clay Loam
Beardsley 333 Clay
Luke 33 Silty Clay Loam
Pinamt 333 Silt
Sun City 3.33 Sandy Clay Loam
Tremant KKK Sandy Loam
Canizo 333 Loamy Sand
47 Ebon Very Graveily Clay 35 143 Silty Clay 0.1
Gunsight Vary Gravelly Sandy Loam 20 0-3 Loamy Sand
Cipriano Yery Gravelly Loam 20 08 Sandy Leam
Camizo 8.25 Loamy Sand
Beardsley 6.25 Clay
Contine 6.25 Clay Loam
Luke 6.25 Silty Clay Loam
June 1, 1532 A-7



Aguita-Carefree Soil Survey

Map % af Control XKSAT.
Untt Map Horizon Table 4.2 fnch/
NG, Soll Mame USDA Salil Texture Unit Depth, Inches Textural Class hout
48,43  Ebon Very Gravelly Clay 45 143 Silty Clay 0.08
Piparnt Very Graveily Clay Loam 35 3-1§ Siit
Camizo 25 Loamy Sand
Antno 2.5 Sandy Loam
Contine 25 Clay Loam
Luke 23 Silty Clay Loam
Cipriane 25 Sandy Loam
Gunsight 2.3 Loamy Sand
Momoli 25 Sandy Loam
Tremant 25 Sandy Loam
50 Estrelia l.oam 80 0-21 Loam 0.26
Gilman 6.67 Loam
Valencia 8.67 Sandy Loam
Mohail 6.687 Loam
51 (achado Very Gravelly Sandy Clay Loam 50 28 Siit 0.24
Lomilas Very Gravelly Sandy Loam 29 217 Loamy Sand
Cheriani 357 Sandy Loam
Carrizo 3.571 Leamy Sand
Ebon 3571 Silty Glay Loam
Contine 3.571 Clay Loam
Tremant 3.571 Saniiy 1.03m
Cenure KETA Sandy | 2am
Gunsight 3.571 Loarry Gand
52 Gachado Very Gravelly Clay Loam 56 1-7 Sandy Clay Loam 0.16
Lomitas Very Gravelly Sandy Loam 25 0-10 Loamy Sand
Rock Quicrop 20 —
Carmizo 2.375 Loamy Sand
Cherioni 2.375 Sandy Loam
Cipriano 2375 Sandy Loam
Ebon 2375 Silty Clay Loam
Gunsight 2.37% Loamy Sand
Pinamt 2375 Silk
Schenco 2.375 Sarxly Loam
Vaiva 2375 Sandy Loam
53 Gadsden Clay 80 0-3 Clay 0.02
Conting 10 Clay Loam
Glenbar 10 Loam
54 Gila Fing Sandy Loam 80 -2 Loam 0.29
Anthony 867 Sandy Loam
Arizo 6§87 Loamy Sand
Gila 6.67 Loam
A-8 June 1, 1992



Aguita-Carefrae 30ii Survey

Map %o Of Control XKSAT,
Unit Map Horlzon Table 4.2 Inch/
No Saoll Name USDA Solt Textura Unit Depth, Inchesg Textural Class hour
55,36  Giman . Loam _ 80 0-5 Loam 0.27
Antho 1.818 Sandy Laam
Camzo 1.818 Loamy Sand
£strella 1.818 Loam
(lenbar 1818 Loam
Manpo 1.818 Sandy Loam
Valencia 1818 Sandy Loam
vint 1.818 Sandy Leam
Denura 1.818 Sandy Loam
Momoli 1.818 Sandy Leam
Camizo 1818 Sandy Loam
Gilman 1.818 Loam
57 Gilman ~ Cigy Loam 80 &N Ciay Loam Q.08
Glenbar 10 Loam
7 Vint 10 Sandy Loam
58,5¢  Giman Loam 40 02 Loam 0.34
' Momoli Gravelly Sandy Loam 25 0-22 Sandy Loam
Denure Gravelly Sandy Loam 20 0-9 Sandy Loam
Camizo 3 Sandy Loam
Antho 3 Sandy Loam
Camizo 3 Loamy Sand
Estrelia 3 Loam
Maripo 3 Sandy Loam
- 80 Glenbar  Loam 80 " 06 Loam 0.28
Antho 4 Sandy Loam
Estrella 4 Loam
Gilman 4 Loam
Vint 4 Saridy Loam
Mohall 4 Loam
61,62 Gran Extremely Gravelly Sandy Clay 40 1-12 Clay Loam 0.15
Wickenburg Gravelly Sandy Leam 3B 0-1 Sandy Loam
Eba 8.33 Sandy Loam
Pinaleno 8.33 Sandy Clay Loam
Arizo 8.33 Loamy Sand
June 1, 1652 A-9



Aguila-Carefree Soll Survey

Map % of Control XKSAT.
unit Map Horizon Table 4.2 inch/
No. Soll Kame USDA Soll Texture . Unit Depth, Inches Textural Class Rour
83,84  Gran Extremely Gravelly Sandy Ciay 40 1-12 Clay Loam 0.14
Wickenburg Gravelly Sandy Loam 33 01 Sandy Loam
Rock Quterop 25 —
Dixaleta 5.4 Sandy Loam
Lehmans 54 Clay Loam
Eba 5.4 Sandy Loam
Pinaleno 5.4 3andy Clay Loam
Arizo 54 Loamy Sand
85 Greyeagle Gravelly Loam 45 1-5 Sandy Loam 019
Continental Clay Loam ‘ 25 25 Clay Loam
Nickel _ Very Graveily Loam 15 ' 0-5 Sandy Loam
Chaco 3 Clay Loam
Sun City 3 Sandy Clay Loam
Cave 3 Loam
Mohave 3 Clay Loam
Arizo 3 Loamy Sand
85 Grayeagle Very Gravelly Loam 55 1-5 Sandy Loam 0.23
Sun City Variant _ Gravelly Clay Loam I 29 Sandy Clay Loam
Arizo 3.75 Loamy Sand
Cave 375 Loam
Ohaco 3.75 Clay ‘.oam
Nicksl 375 Sandy Loam
87 Guest Clay ] 0-2 Clay 0.01
Anthony 5 ‘ Sandy Loam
Continental 5 Clay
Mahave 5 - Clay Loam
68,68  Gunsight Vary Gravelly Sandy Loam 45 1-60 Loamy Sand 0.83
Cipriano Very Gravelty Loam 40 06 Sandy Loam
Gilman ' 3 Loam
Carrizo 3 Loamy Sand
Pinamt 3 Siit
Rillite 3 Loam
Tremant 3 Sandy Loam

A-10 _ | Juns 1, 1992



Aguila-Carefres Soil Survey

Msp % of Control XKSAT,
Unh Map Horizon Table 4.2 Inch/
N, Soli Nauneg USDA Soll Texture unk Depth, Inchas Texiural Class hour
70,71 Gunsight Very Gravelly Leam 40 0-11 Sandy Loam 0.36
Riltito ___ Lraveily Loam 40 0-12 Sandy Lcam
Camzo 222 Loamy Sand
Chuckawalla 2.22 Sitt
Ebon 2.22 Clay Loam
Mohall 222 Loam
Pinami 2.22 Silt
Tremant 222 Sandy Loam
Ciprano 222 Sandy Leam
Antho 2.22 Sandy Loam
Gilman 222 Loam
72,73 Lehmans Clay Loam B4 0-2 Clay Loam .08
RockQuicrop a0 —
Arizo 72 Loamy Sand
Eba 72 Sandy Laam
Pinaleno 7. Sandy Clay Loam
. Greysagle 72 Sandy Loam
Nicks 7.2 Sandy Loam
74 Luks Very Graveliy Clay 45 1-28 Sifty Clay 0.08
Cipriano Vary Gravelly Loam 35 08 Sandy Leam
Beardsley 2.857 Clay
Contine 2857 Clay i.oam
Ebon 2857 Siity iy Loam
Pinamt 2857 Sitt
Sun City 2.857 Sandy Clay Loam
Gunsight 2.857 Loamy Sand
Carrizo 2.857 Loamy Sand
75 Mehall Loam 80 g7 Loam 023
Gilman 5 Loam
Glerbar 5 Loam
Coniine 5 Clay Loam
Tremont 5 Sandy Loam
76 Mohall Loam 80 0-7 Loam 0.23
Contine 33 Clay Loam
Mohail 333 Clay Loam
Tremant 333 Sandy Loam
Antho 333 Sandy Loam
Estrella 333 Loam
Valencia 333 Sandy Loam
A-11

Juna 1, 1892



Aguila-Carefree Soil Survey

Map % of Control XKSAT,
Lnk Map Horlzon Table 4.2 tnehy/
MNo. S0 Nesne JSDA Soll Texture Unit  Depth, inches Textural Class hour
77 Mohat ~ Ciayloam _ 80 6-2 Clay Loam 0.05
Gilman 5 Loam
Glenbar 5 Loam
Conting 5 Clay Loam
Tremant 5 Sandy Loam
78 Mobhall _ Clay Loam 80 06 Clay Loam 0.05
Contine 333 Clay Loam
Mohatl 333 Clay Loam
Tremant 3.33 Sandy Loam
Antho .33 Sandy Loam
Estrella 3.33 Loam
Valencia 333 Sandy Loam
79 . Mohall Clay 80 0-12 Clay og2
Gilman 3 Loam
Glenbar 5 Loam
Conting 5 Clay Loam
Tremant 5 ~ Sandy Loam
80,61 Mohail Clay Loam 45 242 Clay Loam 0.08
Tremant Sandy Clay Loam 25 18 Sandy Clay Loam
Conting 375 Clay Lz
Pinam: 3.75 it
Sun City 375 Sarc
Gunsight 3.75 Loz
Rillito 375 Loam
Antho 3.75 Sandy Loam
Carrizo 3.75 Loamy Sand
Valencia 375 Sandy Loam
82,83 Mohave Clay Loam 80 2-11 Clay Loam 0.04
Gila 6.67 Loam
Continental 6.67 Clay
Tres Hermanos 6.87 Clay Loam
B4 Mohave Clay Leam 85 2-28 Clay Loam 0.05
Mohave 3 Loam
Continental 3 Clay
Tres Hermanos 3 Clay Loam
Anthony 3 Sandy Loam
Guest 3 Clay
a5 Mohave Clay Loam 80 0-20 Clay Loam 0.04
Gila 6.67 Loam
Continental 6.67 Clay
Tres Hermanos 8.67 Clay Loam
A-12 Juna 1, 1982




Aguila-Carefres Soil Survey

Map % of Control XKSAT,
Unit Map Horizon Table 4.2 inch/
No. Soil Name LISCA Soll Textume Unit Depth, inches Textural Class hour
86  Moahave Clay Loam .85 215 Clayloam  0.05
Anthony 3 Sandy Loam
Gila 3 Loam
Tres Hermanos 3 Clay Loam
Mohave 3 Loam
Continental 3 Clay .
87  Mohave Clay Loam 45 2-11 Clay Loam 0.04
Mohave Clay Loam 40 2-5 Clay Loam
Mohave 15 Clay Loam
38 Mohave Clay Loam 45 2-11 Clay Loam 0.02
Guest Clay _ 40 2-60 Clay -
Mohave 7.5 Loam
Continental 7.5 Clay
89  Mohave Clay Loam 50 2-11 Clay Loam 0.06
Tres Hemanos  Gravelly Clay Loam 30 2-20 Sandy Clay Loam
Arizo 5 Loamy Sand
Anthony 5 Sandy Loam
Continental 5 Clay
Finaleno 5 Sandy Clay Loam
90  Momoli _ Gravelly Sandy Loam 70 0-3 Sandy Loam _ 0.39
- Carrizo 7.5 Loamy Sand
Maripo 7.5 Sandy l.cam
Finamt 7.5 Silt
Denure 7.5 Sandy Loam
91, 82 Momoli Very Gravelly Sandy Loam 45 1-860 Loamy Sand 0.93
Carrizo __ Very Gravelly Sandy Loam _ _ 35 0-11 Loamy Sand
Mohall 2.5 Loam
Tremant 2.5 Sandy Loam
Gunsight 2.5 Loamy Sand
Chuckaw alla 2.5 Silt
Cenure 2.5 Sandy Loam
Gilman 2.5 Loam
Maripo 2.5 Sandy Loam
Carrizo 2.5 Sandy Loam
23, 94 Nickel Gravelly Loam 50 1-10 Sandy Loam 0.33
Cave Loam 35 1-14 Loam B
Arizo 3.75 Loamy Sand
Anthony 3.75 Sandy Loam
Finaleno 3.75 Sandy Clay Loam
Greyeagle 3.75 Sandy Loam

January 1, 1995 A-13



Aquila-Carefree Soil Survay

Map % of Control XKSAT.
Unit Map Horizon Table 4.2 inch,
No. Soll Hame LUISDA Sol Texture Unit Depth, inches Textural Class hour
a5 Ohaco Clay Loam B5 2-11 Clay Loam ‘ 0.04
Continentai 75 Clay
Sun City Variant 75 Sandy Clay Laam
96,97  Pnaleno Graveily Clay Loam 45 1-12 Sandy Clay Loam n.o7
Tres Hermaros Clay Loam 40 24 Clay Loam
Arizo 25 Loamy Sand
Mohave 25 Clay Loam
Greyeagle 25 Sandy Loam
Eba 23 Sandy Loam
Vada 25 Sandy Loam
Nickel 2.5 Sandy Loam
€g,99  Finamt Very Gravelly Loam 45 1-3 Sandy Lecam 0.37
Tremant Gravelly Loam 35 0-5 Sandy Leam _
Camizo 4 Loamy Sand
Chuckawalia 4 Sitt
Ebon 4 Clay Loam
Gunsight 4 Loamy Sand
Rillito 4 Loam
100 Quilotosa Extremefy Graveliy Loam g2.5 2-14 Sandy Loam 0.40
Vaiva Very Gravelly Leam 25 0-3 Sandy Loam
Rock Qutcop 0 -
Schenco 12.5 Sandy L.oam
101 Riliito Loam 85 . 0-24 Loam - 0.28
Cipriano 375 Sandy Loam
Gunsight 375 Loamy Sand
Mohall 3.75 Loam
Tremant 3.75 Sandy Loam
102 Riliito Gravelly Loam 70 0-14 Sandy Lcam 0.40
Maohall 333 Locam
Pinamt 333 Silt
Tremant 3.33 Sandy Loam
Gunsight 3.33 Leamy Sand
Cipriano 333 Sangy Loam
Gilman 333 Loam
Antho 3.33 Sandy Loam
Maripo 3.33 Sandy Loam
Carrizo 3.33 Leamy Sand
103 Rock Outcrop 85 — 0.10
Gachado . Very Gravelly Clay Loam 71 1-7 Sandy Clay Loam
Lomitas ' 29 Sandy Loam
A-14 Juna 1, 1952




Aguila-Carefree Soll Survey

.

Map % of Control XKSAT,
Unht iap Horizon Table 4.2 inch/
No, Soil Mame JSDA Soll Texture Unit Depth, inches Tertural Class hour
104,105 Rock Cuterep 80 - 0.14
Lehmans __ Gravelly Clay Loam S0 2135 Sandy Clay Loam
Arizo 16.67 Loamy Sand
Eba 16.67 Sandy Loam
Pinaleno 16.67 Sandy Clay Loam
16, 107 Sal Gravelly Clay Loam 50 27 Sandy Clay Laam 0.18
Cipriano Gravelly Sandy Loam 30 1-8 Sandy Loam
Gunsignt 5 Loamy Sand
Rillita 5 Loam
Brigs 5 Laamy Sand
Carrizo 5 Loamy Sand
108 Schenco Very Cobbly Loam 7 2-11 Sandy Loam 0.3
Rock Qutcrop 30 —
Antno 29 Sandy Loam
Beardsley 239 Clay
Cheriani 28 Sandy Loam
Cipriano 29 Sandy Loam
Ebon 23 Silty Clay Loam
Gunsight 29 Sandy Clay Loam
- Sun City 29 Sandy Loam
Gachado 29 Siit
Quilotoss 29 Sandy Loam
Vaiva 29 Sarxiy Loam
109~ Schenco Vary Cobbly Loam g5 2-11 Sandy Loam .38
" Rock Qutcrop 35 -
Beardslay 2143 . Clay
Cipriano 2.143 Sandy Loam
Ebon 2,143 Silly Clay Loam
Gunsight 2,143 Loamy Sand
Gachado 2.143 Silt
Quilotnsa 2.143 Sandy Loam
Vaiva 2,143 Sandy Loam
110 Sun City Gravelly Clay Loam 55 1-9 Sandy Clay Loam 0.13
Cipriano Very Gravelly Loam 3 16 Sandy Loam
Carrizo 5 Loamy Sand
Beardsley 5 Clay
Gunsight 5 Loamy Sand
AR Tarriothents — 100 060 Sandy Loam 0.40
June 1, 1992 A-15



Aguila-Caratree Soil Survey

Map % of Control XKSAT.
Unit Map Horizon Table 4.2 tnch/
No. S0il Narma USDA Sofl Texture Unit Depth, inches Textural Class hour
112 Tremant _ Gravelly Sandy Loam 80 0-9 Sandy Loam B 0.9
Antho 222 Sandy Loam
Carizo 2.22 Sandy Loam
Valencia 2.22 Sandy Loam
Carizo 2.22 Loamy Sand
Denure 222 Sandy Loam
Monall 222 Loam
Momagii 222 Loam
Pinamt 2.22 Silt
Rillito 2.22 Loam
13 Tremant Gravelly Sandy Loam 80 0-9 Sandy Loam .29
Anthg 1818 Sandy Loam
Carrizo 1818 Sandy Loam
Valencia 1.818 Sandy Loam
Camizp 1.818 Loamy Sand
Denurg 1818 Sandy Loam
Momoli 1.818 Loam
Chuckawalla 1.818 Silt
Gunsignt 1.818 Loamy Sand
Maohail 1818 Loam
Pinamt 1.818 it
Rillito 1818 Loam
114 Tremant . 80 0-9 Sandy .oum 0.39
Antho 20 Sandy Loam
Camizo 2.0 Sandy Loam
Vatencia 20 Sandy Loam
Carrizo 2.0 Loamy Sand
Denure 20 Sandy Loam
Chuckawalla 20 Silt
Gunsight 2.0 Loamy Sand
Mahall 20 Loam
Pinamt 2.0 Silt
Rillito 240 Loam
118 Tremant Gravelly Sandy Loam 45 09 Sandy Loam 0.39
Antho Sandy Loam 3 0-3 Sandy Loam
Canizo 4 Loamy Sand
Denurs 4 Sandy Loam
Mohail 4 Loam
Mamoii 4 Sandy Loam
Pinamt 4 Silt
A-16 June 1, 1962



Aguiia-Carefree Soll Survey

Map % of Control XKSAT,
Unh Map Horlzon Table 4.2 inch/
No. Sof ety L5 DA Soll Texture Unkt Depth, Inches Texiural Class heur
116, 117  Tremant Gravally Ciay Loarm el 2-26 Sandy Clay Loamn 0.23
Gunsight Very Gravelly Sandy L.cam 20 Q-10 Loamy Sand
Riliito Gravelly Loam 20 0-80 Sandy Loam
{ipriano 3.75 Sandy Loam
Pinamt 375 Sitt
Mohall 375 Clay Loam
Contine 3.75 Clay Loam
Antho 375 Sandy Loam
Camzo 375 Loamy Sard
Gilman 3.75 Loam
Camizo 3.75 Sandy Loam
113 Tremant iztavelly Sandy Loam 45 18 Sandy Loam 0.42
Rillito Gravelly Loam 30 0-12 Sandy Loam
Camizo 5 Loamy Sand
Cipriano 5 Sandy Loam
Gunsight 5 Loamy Sand
Pinamt 5 Silt
Momaii 5 - Sandy Loam
119 Tremant Gravelly Loam 40 14 Sandy Loam 0.14
Sun City Clay Loam 30 2-12 Clay Loam
Gadsdan 375 Clay
Cipriano 3.75 Sandv i.oam
Beardsisy 3.75 Clay
Gunsight 375 Loamy Sand
Mohall 375 Loam
Sal 375 Silt
Pinamt 375 Silt
Rillito 3.75 Loam
120 TresHennangs  Clay Loam 80 26 Clay Loam 0.08
Anthony 2.857 Sandy Loam
Mohave 2857 Loam
Greyeagie 2.857 Sandy Loam
Nickel 2.857 Sandy Loam
Pinaleno 2.857 Sandy Clay Loam
Arizo 2.857 Loamy Sand
Guest 2.857 Clay
121 Tres Hermanos Clay Loam 50 28 Clay Loarn 0.12
Anthony Gravelly Sandy Loam kL 240 Sandy Loam
Afizo 5 Loamy Sand
Pinaleno 5 Sandy Clay Loam
Nickel 5 Sandy Loam
June 1, 1992 A-17



Aguila-Carefree Soil Survey

Map % of Control XKSAT,
Unit hMap Horlzon Table 4.2 Inch/
No. Soll Hamo USDA Soll Texture uUnk Depth, Inches Textural Class hour
122 Vado _ . Gravelly Sandy Loam 75 02 Sandy Leam 033
Anthony 8.25 Sandy Loam
Arizg 6.25 Loamy Sand
Finaleno 828 Sandy Clay Loam
Tres Hermanos 8.25 Clay Loam
123 Vaiva Very Gravelly Loam 80 0-3 Sandy Loam 037
Brias 4.44 Loamy Sand
Carrizo 4.44 Loamy Sand
Antho 4.44 Sandy Loam
Chuckawalla 4.44 Silt
Ebon 4.44 Sandy Clay Loam
Gunsight 4.44 Leamy Sand
Pinamt 4.44 Silt
Cipriano 4.44 Sandy Loam
Quilotosa 444 Sandy Loam
124 Valencia _ Sandy Loam 80 0-20 Sandy Loam 0.39
Anthio 4 Sandy Loam
Esfrelta 4 Loam
Gilman 4 Lpam
Denure 4 Sandy Loam
Tremant 4 Sanir: Logm
125 Vint .. Tineloamy Sand 8 080 Sandy Lysin 0.43
Antho 4 Sangy Loam
Brios 4 Loamy Sand
Carrizo 4 Loamy Sand
Gilman 4 Loam
Maripa 4 Sandy Loam
A-18 Juns 1, 1692
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Maricopa Centrai Soil Survey

Map % of Control XKSAT,
Unit Map Horlzon Table 4.2 lneh/
No, Scll Name USDA Solt Texture Unit Depth, inches Textural Class hour
Aa Agualt Loam 85 0-11 Loam 0.28
Gilman Loam K| Loam
Maripo Sandy Loam 3 Sandy Loam
Antha Sandy Loam 3 Sandy Loam
Carrizo Gravelly Sandy Loam 3 Sandy Loam
Laveen Loam 3 Loam
AbA  Anthe Sandy Loam 85 0-13 Sandy Loam 0.38
Maripo Sandy Loam 2.143 Sandy Loam
Agual Loam 2.143 Loam
Valencia Sandy Loam 2.143 Sandy Loam
Estrelfa Loam 2.143 Loam
Gilman Loam 2.143 Loam
Coolidge Sandy Loam 2.143 Sandy Loam
Antho Loam 2.143 Loam
AbB  Anthe Sandy Loam 85 0-13 Sandy Loam 0.39
Gilman Loam s Loam
Maripo Sandy Loam 3.75 Sandy Loam
Coolidge Sandy Loam 375 Sandy Loam
Antho Gravelly Sandy Loam 375 Sandy Loam
Ac Antho Sandy Loam 80 0-13 Sandy Loam 0.39
Valencia Sandy Loam 4 Sandy Loam
Gilman Loam 4 Loam
Laveen Loam 4 Loam
Antho Sandy Loam 4 Sandy i.oam
Coolidge Sandy Loam 4 Sandy Loam
- AdA Anthe Gravelly Sandy Loam 85 0-13 Sandy Loam 040
Antho Sandy Loam 375 Sandy Loam
Maripo Sandy Loam 375 Sandy Loam
Brios Sandy Loam 3.75 Sandy Loam
Valencia Gravelly Sandy Loam 375 Sandy Loam
AdB  Anthe Gravelly Sandy Loam 85 0-13 Sandy Loam 0.40
Valencia Gravelly Sandy Loam 3.75 Sandy Loam
Riltito Sandy Loam . 375 Sandy Loam
Camizo Gravelly Sandy Loam 3.75 Sandy Loam
Coolidge Gravelly Sandy Loam 3.75 Sandy Loam
Ae Antho Sandy Loam 45 0-13 Sandy Loam 0.39
Brios Sandy Loam 25 0-14 Sandy Loam
Maripo Sandy Loam 20 0-34 Sandy Loam
Carmizo Gravelly Sandy Loam 2.9 Sandy Loam
Gilman Fine Sandy Loam 25 Loam
Agualt Loam 2.5 Loam
Valencia Sandy Loam 2.5 Sandy Loam
June 1, 1992 B-3



Maricopa Central Sail Survey

Map % of Control XKSAT.
unit fap Horizon Table 4.2 inch/
No. Soll MName USDA Sofl Texture unit Depth, inches Textural Class hour
AfA Antho Sandy Loam 50 0-13 Sandy Loam 0.38
Carizo Gravelly Sandy Loam 30 0-5 Sandy Loam
Maripo Sandy Loam 5 Sandy Loam
Valencia Sandy Loam 5 Sandy Loam
Vint Fine Sandy Loam 5 Loam
Gilman Fing Sandy Loam 5 Loam
AB  Antho Sandy Loam 40 0-13 Sandy Loam 0.40
Carmizo Gravelly Sandy Loam 25 0-5 Sandy Loam
Maripo Sandy Logam 20 0-24 Sandy Leam
Valencia Gravelly Sandy Loam 7.5 Sandy Loam
Rillito Sendy Loam 75 Sandy Loam
AGB  Antho Sandy Loam 35 0-13 Sandy Laam 0.40
Carmizo Gravelly Sandy Loam 30 0-5 Sandy Loam
Maripo Sandy Loam 20 0-34 Sandy Loam
Brios Sandy Loam 5 Sandy Leam
Harqua Graveliy Loam 5 Sandy Loam
Valencia Sandy Loam 5 Sandy Loam
AHC  Antho Graveily Sandy Loam 40 0-13 Sandy Loam 0.28
Tremant Gravelly Loam 30 g-10 Sandy Loam
Gunsight 333 Loam
Maripo 338 Sandy Loam
Rillito 3.33 Sandy L.oam
Laveen 333 Loam
Carrizo 3.33 Sanay Lsam
Mohall 333 Sandy Loam
Gilman 3.33 Loam
Valercia 333 Sandy Loam
Estrella 333 Loam
AkB  Antho Gravelly Sandy Loam 35 0-13 Sandy Loam 0.27
Antho Sandy Loam 15 0-13 Sandy Loam
Tremant Gravelly Clay Loam 20 148 Sandy Clay Loam
Mohall Gravelly Sandy Loam 15 0-10 Sandy Loam
CacioiTarrio — 5 Sandy Loam
Carmizo Gravelly Sandy Loam 5 Sandy Loam
Gilman Fine Sandy Loam 5 Loam
AL Antho Sandy Loam 55 0-13 Sandy Loam 0,40
Antho Gravelly Sandy Loam 30 0-13 Sandy Loam
Coolidge Sandy Loam 3 Sandy Loam
Laveen Sandy Loam 3 Sandy Loam
Valencia Sandy Loam 3 Sandy Loam
Carmizo Gravelly Sandy Loam 3 Sandy Loam
Maripo - Sandy Loam 3 Sandy Loam
B-4 Juna 1, 1992




Maricopa Central Soil Survey

Map % of Control XKSAT,
unh Map Horizon Table 4.2 inch/
No. Soll Nama USDA Soll Texture Unkt Depth, inches Textural Class hour
AM Antho Sandy Loam 40 0-13 Sandy Loam 0.38
Valencia Sandy Loam ~ 40 0-10 Sandy Loam
Coolidge Sandy Loam 867 Sandy Loam
Maripo Sandy Loam 8.67 Sandy Loam
Gilman Fine Sandy Loam 6.67 Loam
An Avonda Clay Loam 75 0-13 Clay Loam 0.05
Avondaie Clay Loam 6.25 Clay Loam
Glenbar Clay Loam 6.25 Clay Loam
Agualt Loam 6.25 Loam
Gilman Loam £.25 Loam
Ap Avondala Clay Loam 85 0-12 Clay Loam 0.04
Glenbar Clay Loam 3 Clay Loam
Gilman Loam 5 Loam
Trix Clay Loam S Clay Loam
Ap Avendale Clay Loam B85 0-t2 Clay Loam C.04
Gienbar Clay Loam 5 Clay Loam
. Cashion Clay S Clay
Gilman Loam 5 Loam
BE Beardslay Loam 80 0-3 Loam 0.24
Vecont Clay 25. Clay
Sun City Vary Gravelly Loam 2.5 Sandy Loam
Pinal Gravelly Loam 25 Sandy Loam
Beards|ay Gravelly Loam 25 Sandy Loam
Br Brios Loamy Sand 20 0-14 Loamy Sand 1.05
Caiza Gravelly Sandy Loam 5 Sandy Loam
Vint Fine Sandy Loam E] Loam
Bs Brios Sandy Loam 80 0-14 Sandy Loam 0.3
Vint Fine Sandy Loam 4 Loam
Carrizo Gravelly Sandy Loam 4 Sandy Loam
Maripo Sandy Loam 4 Sandy Loam
Anthd Sandy Loam 4 Sandy Loam
Brios Sandy Loam 4 Sandy Loam
Bt Brios Loam 80 0-14 Loam 0.25
Anthony Sandy Loam 4 Sandy Loam
Maripo Sandy Loam 4 Sandy Loam
Carmizo Gravelly Sandy Loam 4 Sandy Loam
Vint Clay Loam 4 Clay Loam
vint Loam 4 Loam
CA2  Calciorthids/ Vares 80 0-60 Sandy Loam 0.38
Tomierthents
Gunsight Loam 5 Loam
Pinal Loam 5 Loam
B-5
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Maricopa Central Soil Survey

Map % of Control XKSAT,
Unit Map Horlzon Table 4.2 inch/
No. Sofl Namea USDA Soill Texture Unilt Depth, inches Textural Class hour
Cb Camizo Gravelly Sandy Loam 85 0-5 Sandy Loam 0.40
Maripo Sandy Loam 3 Sandy Loam
Brios Laamy Sand 3 Loamy Sand
Antho Sandy Loam 3 Sandy Loam
Vint Fine Sandy Loam 3 Loam
Agualt Loam 3 Loam
CeD  Carizo Graveliy Sandy Loam 60 05 Sandy Loam 0.19
Ebon Very Cobbly Clay Loam 30 213 Sandy Clay Loam
Tremant Gravelly Clay Loam 10 Sandy Clay Loam
CF Camizo Sandy Loam 45 0-5 Sandy Loam 0.50
Brios Sandy Loam 35 0-14 Sandy Loam
Vint Loamy Sand 20 0-80 Loamy Sand
Cq Casa Grande Loam 85 1-3 Loam 0.24
Laveen Loam 3.75 Loam
Harqua Gravelly Clay Loam 375 Sandy Clay Loam
Valencia Sandy Loam 3.75 Sandy Loam
Tucsan Loam 373 Loam
Ch Casa Grande Loam B85 0-3 . Loam 0.24
Lavesn Loam 375 Loam
Estrella Loam 375 Leam
Harqua Gravelly Clay Loam 375 Sandy Clay Loam
Tucson Loam 375 Loam
Ck  CasaGrande _ Loam 75 03 Loam 0.30
Laveen Loam 833 Loam
Harqua Gravelly Sandy Loam 8.33 Sandy Loam
Dune Land Loamy Sand 833 Loamy Sand
cm Casa Grande Loam 40 1-3 Loam 0.26
Laveen Loam 40 0-15 Loam
Gilman Loam 667 Loam
Coolidge Sandy Loam 6.67 Sandy Loam
Estrella Loam 8.67 Loam
Cn Cashion Clay B0 0-27 Clay 0.01
Gadsden Clay 5 Clay
Avondale Clay Loam 5 Clay Loam
Wintersburg Clay Loam 5 Clay Loam
Glenbar Clay Loam 5 Clay Loam
CO  Cherioni Very Gravelly Loam 2.5 06 Sandy Loam 0.29
Hock Quicrop 20
Gachado Very Gravelly Clay Loam 8.38 Sandy Clay Loam
Pinal Loam 9.38 Loam
Gunsight Loam 8.38 Loam
Rillito Loam 9.38 Loam
B-6 Junae 1, 1892



Maricopa Central Soil Survey

Map % of Contro! XKSAT,
Uni Map Horizon Tabie 4.2 inch/
No. Soll Name USDA Soll Texture Unhit Depth, Inches Textural Class hour
Cp Coolidge Sandy Loam 80 0-13 Sandy Loam 0.40
Laveen Sandy Loam 4 Sandy Loam
Antho Sandy Loam 4 Sandy Loam
Rillito Sandy Loam 4 Sandy Loam
Pemyville Sandy Loam 4 Sandy Loam
Valencia Sandy LLoam 4 Sandy Loam
crB Coalidge Gravelly Sandy Loam 85 013 Sangy Loam 0.40
Rilfito Sandy Loam 5 Sandy Loam
Perryville Sandy Loam 3 Sandy Loam
Antho Gravelly Sandy Loam 5 Sandy Loam
Cs Coolidge Gravelly Sandy Loam 50 0-12 Sandy Loam e19
Tremant Clay Loam 30 18 Clay Loam
Lavean Loam 5 Loam
Perryville Gravelly Loam 5 Sandy Loam
Antho Sandy Loam 5 Sandy Loam
Rillito iLoam 5 Loam
GV . Coolidge Sandy Loam 40 0-13 Sandy Loam 0.39
.-+ Laveen Sandy Loam 40 0-15 Sandy Loam
Antho Sandy Loam 6.667 Sandy Loam
Permryville Gravelly Loam 6.667 Sandy Loam
Rillito Loam 6.667 iLoam
On Cune Land Sand 100 0-60 Loamy Sand 120
EbD  Ebon _ Very Cobbly Clay Loam 75 2-13 Sandy Clay Loam 0.10
Pinamt Gravelly Loam 8.333 Sandy Loam
Canizo Gravelly Sandy Loam 8.333 Sandy Loam
Tremant Gravelly Loam 8.333 Sandy Loam
EPD  Ebon Very Cobbly Clay Loam 40 2413 Sandy Clay Loam 0.12
Pinamt Very Gravelly Sandy Loam 25 26 Sandy Loam
Tremant Clay Loam 20 18 Clay Loam
Gunsight Gravelly Loam 375 Sandy Loam
Carrizo Gravelly Sandy Loam 3.75 Sandy Loam
Rillito Loam 375 Loam
Antho Sandy Loam 3.75 Sandy Loam
Es Estrella Loam 85 0-11 Loam 0.25
Gilman iLoam 3.75 Loam
Valancia Sandy Loam 375 Sandy Loam
Mohall Loam 3.75 Loam
Laveen Loam 3.75 Loam
Et Estrella Loam 80 0-1 Loam 0.25
Casa Grande Loam 6.667 Loam
Laveen Loam 6.667 Loam
Gilman Loam 6.667 Loam
June 1, 1992 B-7



Maricopa Central Soil Survey

Map % of Control . XKSAT,
Unht Map Horlzon Table 4.2 inch/
No. Soll Naime USDA Soll Texture Unk Depth, inches Texturai Class hour
GA Gachado Very Gravelly Clay Loam 66.67 0-1 Sandy Clay Loam 0.10
Rock Quterop - 40 -
Cherioni Very Gravelly Loam 8.333 Sandy Loam
Riilito Loam 8.333 Loam
Pinal Loam 8.333 Loam
Gunsight Loam B.333 Loam
Gb Gadsden - Clay Loam 80 0-14 Clay Loam 0.04
Glenbar Clay Loam 5 Clay Loam
Cashion Clay 5 Clay
Avondaje Clay Loam 5 Clay Loam
Gadsden Loam 5 Loam
Ge (Gadsden Clay 80 0-10 Ciay 5.01
Glenbar Clay 5 Clay
Cashion Clay 5 Clay
Avondale Clay Loam 5 Clay Loam
Gadsden Clay Loam 5 Clay Loam
Gd Gadsden Clay 85 0-10 Clay oM
Glenbar Clay Loam 3.75 Clay Loam
Cashion Clay 3.75 Clay
Avendale Clay Loam 3.75 Clay Loam
Gadsden Clay .75 Clay
Ge Gilman Loam 80 0-5 Loam 0.26
Antho Sandy Loam 3.33 Sandy Loam
Agualt Loam 333 Loam
Vint Fing Sandy Loam 3.33 Loam
Estrella Loam 3.33 Loam
Valencia Sandy Loam 3.33 Sandy Loam
Laveen Sandy Loam 3.33 Sandy Loam
Gf Gilman Fine Sandy Loam 80 0-14 Loam 0.24
Vint Fine Sandy Loam 5 Loam
Antho Sandy Loam 5 Sandy Loam
Avondale Clay Loam 5 Clay Loam
Maripo Sandy Loam 5 Sandy Loam
GgA  Gilman Loam 80 0-5 Loam 0.25
Agualt Loam 4 Loam
“Antho Sandy Loam 4 Sandy Loam
Estrella Loam 4 Loam
Glenbar Loam 4 Loam
Laveen Loam 4 Loam
GgB  Gilman Loam 80 0-5 Loam 0.26
Antho Sandy Loam 8.667 Sandy Loam
Gilman Loam 6.667 Loam
Laveen Loam £.667 Loam
B-8 Juna 1, 1992



Maricopa Central Soll Survey

Map % of Control AKSAT,
Unit fiap Horlzon Tabie 4.2 Inch/
No. Soll Name USDA Soll Texiure Unit  Depth, inches Textural Class hour
Gh Gilman Loam 85 0-5 Loam 0.24
l.aveen Loam 375 Loam
Antho Sandy Laam 3.75 Sandy Loam
Estrella Loam 3.75 Loam
Avandale Clay Laam 3.75 Clay Loam
GL Gilman Loam 40 0-5 Loam 0.25
Gilman (other) Loam 40 05 Loam
Antho Sandy Loam 5 0-13 Sandy Loam
Giman Loam 5 0-5 Leam
Estrelfa Loam 25 Loam
Carrizo Gravelly Sandy Loam 2.5 Sandy Loam
Maripo Sandy Loam 25 Sandy Leam
Hargua Gravelly Clay Loam 25 Sandy Clay Loam
GM Gilman Loam 50 0-5 Laam 0.29
Antho Sandy Loam 25 080 Sandy Loam
Aguait Loam . 10 0-11 Loam
Laveen Loam 375 Loam
Maripo Sandy Loam 375 Sandy Loam
Estrefla Loam 3.75 Loam
Carmizo Gravelly Sandy Loam 375 Sandy Leam
GN Gilman Loam 45 0-5 Loam 0.25
Laveen Loam 30 015 Loam
Estrelia Loam 20 Loars
Maripo Loam 1.25 Loam
Tremant Loam .25 Leam
Coolidge Sandy Loam 1.25 Sandy Loam
Agualt Loam 1.25 Loam
Ge3d  Gilman Loam 55 0-5 Loam 0.14
Antho Sandy Loam 25 080 Sandy Loam
Glenbar Clay Loam 20 0-15 Clay Loam
Gp Gilman Vanant Loam 45 0-3 Loam 0.24
Avondale Clay Loam 1.667 Clay Loam
Gadsden Clay Loam 1667 Clay Loam
Gilman Loam 1.667 Loam
Gr Glenbar Loam 83 0-13 Loam 0.23
Gilman Loam 5 Loam
Avondals Clay Loam 5 Clay Loam
Gilman Variant Loam 5 Loam
Gs Glenbar Loam 85 0-12 Loam 0.23
Gilman Loam 3 Loam
Estrella Loam 5 Loam
Gadsden Clay Loam 5 Clay Leam
B-9

June 1, 1692




S

Maricopa Central Soil Survey

Map % ot Control XKSAT.
unk Map Horizon Table 4.2 inch/
No, Soll Hama UsSDA Soll Texture Unit Depth, inches Texiural Class hout
Gt Glenbar _ Clay Loam 80 0-15 Clay Loam 0.04
Avoridale Clay Loam 5 Ciay Loam
Gilman Loam 5 Loam
Trix Clay Loam 5 Clay Loam
(Gadsden Clay Loam 5 Ctay Loam
Gu Glenbar Clay Loam 80 0-15 Clay Loam 0.04
Avondale Clay Loam 5 Clay Loam
Cashion Clay 5 Clay
Gadsden Clay 5 Clay
Gilman Loam 5 Loam
Gy Glenbar Clay 85 0-20 Clay 0.01
Casion Clay 5 Clay
Gadsden Clay 3 Clay
Avondale Clay Loam 5 Clay Loam
GWD  Gunsight Loam 40 1-3 Loam 0.35
Pinal Gravelly Loam a0 08 Sandy Loam
Pinamt Very Gravelly Sandy Loam 12 28 Sandy Loam
Rillito Gravelly Loam 8 Sandy Loam
Antho Graveliy Sandy Loam 6 Sandy Loam
Carmizo Very Gravelly Sand ) Loamy 3and
GxA  Gunsight Loam 45 1-3 Loam 023
Rilfito __ Fine Sandy Loam 43 2-10 Loam
Laveen Loam 5 Loam
Harqua Gravelly Clay Loam 5 Sandy Ciay Loam
GxB  Gunsight Loam 45 13 Loam 0.24
' Ritiito Fine Sandy Loam 45 2-10 Loam
Laveen Loam 235 Loam
Pinaf Loam . 25 L.oam
Coolidge Gravelly Sandy Lo 25 Sandy Loam
Hargua Gravelly Clay Loam 2.5 Sandy Clay Loam
GYD  Gunsight Loam 40 1-3 L.oam 0.26
Rillito Fine Sandy Loam 40 210 Loam
Permmyville Gravelly Loam 3.33 Sandy Loam
Laveen Loam 333 Leam
Pinal Loam 333 Loam
Gilman Loam 3.33 Loam
Antho Gravelly Sandy Loam 3.3 Sandy Loam
Carrizo Gravelly Sandy Loam 33 Sandy Loam

B-10 June 1, 1992



Maricopa Central Solt Survey

Map % of Controi XKSAT,
Uni Map Horlzon Table 4.2 Inch/
No. Solt Nams USDA Soll Texture Unit  Depth, Inches Taxtural Class hour
HAB  Hargua Gravelly Clay Loam 85 0-1 Sandy Clay Loam 0.07
Hargua Gravelly Clay Loam 3 Sandy Clay Loam
Rillito Gravelly Loam 3 Sandy Loam
Gunsight Gravelly Loam 3 Sandy Loam
Casa Grands Loam 3 Loam
Valencia Sandy Lcam 3 Sandy Loam
HAC  Harqua Gravetfly Clay Loam 85 01 Sandy Clay Loam 0.05
Hargua Clay 20 Clay
Rillito Gravelly Loam § Sandy Loam
Gunsight Gravelly Loam 5 Sandy Loam
Laveen Loam 5 Loam
HLC  Harqua Gravelly Clay Lcam 40 0-1 Sandy Clay Loam 0.14
Gunsight Loam 35 1-3 Loam
Rillito Loam 20 0-2 Loam
Rillita Gravelly Loam 1.8687 Sandy Loam
Gunsight Gravelly Loam 1667 Sandy Loam
Laveen Loam 1.6687 Loam
KM Hargua Gravelly Clay Loam 40 0-1 Sandy Clay Loam 0.15
Laveen Fine Sandy Loam 35 0-15 “Loam
Riilito Loam 15 Loam
Gunsight Gravelly Loam 5 Sandy Loam
Valencia Sandy Loam 5 Sandy Loam
HrB Harqua Clay Loam 50 0-1 Clay Loam 012
Rillito Graveily Loam 20 0-2 Sandy Lnam
Gunsight Gravelly Loam 15 1-3 Sandy Loam
Gilman Loam 2.143 Loam
Antho Gravelly Sandy Loam 2.143 Sandy Loam
Lavesn Loam 2.143 Loam
Estrella Loam 2.143 Loam
Yaiencia Sandy Loam 2.143 Sandy Loam
Tremant Gravelly Loam 2143 Sandy Loam
Caolidge Sandy Loam 2.143 Sandy Loam
La La Palma Very Fine Sandy Loam 80 0-5 Loam 0.26
Pinal Loam 3 Loam
Casa Grande Loam 5 Loam
Lavesn Loam 5 Loam
Harqua Gravelly Loam 5 Sandy Loam
Lo Laveen Sandy Loam 80 0-14 Sandy Loam 0.40
Perryvilie Sandy Loam 375 Sandy Loam
Coolidge Sandy Loam 3.75 Sandy Loam
Valencia Sandy Loam 3.75 Sandy Loam
Anthg Sandy Loam 3.75 Sandy Loam
June 1, 1392 Ba11



Maricopa Central Sail Survay

Map % of Controt XKSAT,
Unit kiap Horizon Table 4.2 inch/
No. Soli Name USDA Soll Texturs Unit Depth, Inches Textural Class hour
LcA Laveen Loam 85 06 Loam 0.25
Gilman Loam 3 Loam
Mohall Loam 3 Loam
Estrefla Loam 3 Loam
Permryvitle Gravelly Loam 3 Sandy Loam
Rillito Loam 3 Loam
LcB Laveen Loam 40 06 Loam 0.25
Permyville Gravelly Loam 333 Sandy Loam
Gilman Loam 3.33 Loam
Riflito Loam 3.33 Loam
Ld Laveen Lcam 80 ] Loam 0.25
Casa Crande Loam 4 Loam
Gilman Loam 4 Loam
Estrefia Loam 4 Loam
Pamyville Loam 4 Loam
Lavesn Loam 4 Loam
Le  Laveen Clay Loam 85 0-14 Clay Loam 0.04
Maohall Clay Loam 3.75 Clay Loam
Tremant Clay Loam 3.75 Clay Loam
Vecont Clay 3.75 Clay
Tueson Clay Loam 3.75 Clay Loam
Lf Lavesn Fine Sandy Loam 35 0-12 Loam 0.33
{aveen Sandy Loam 20 0-12 Sandy Loam
Antho Sandy Loam 30 060 Sandy Loam
Coclidge Sandy Loam 5  Sandy Lcam
Gilman Loam 5 Loam
Casa Grande Sandy Loam 5 Sandy Loam
Ma Maripo Sandy Loam 85 0-13 Sandy Loam 0.40
Antho Sandy Loam 5 Sandy Loam
Valencia Sandy Loam 3 Sandy Loam
Coolidge Sandy Loam 5 Sandy Loam
Mo Mohail Sandy Loam 92 0-12 Sandy Loam 039
Laveen Sandy Loam 2 Sandy Loam
Coolidge Sandy Loam 2 Sandy Loam
Valencia Sandy Loam 2 Sandy Loam
Tremant Loam 2 Loam
Mp Mohall Loam g2 0-16 Loam 0.25
Laveen Loam 2 Loam
Estreffa Loam 2 Loam
Gilman Loam 2 Loam
Tremant Loam 2 Loam
B-12 June 1, 1992



Maricopa Central Soil Survey

Map % of Control XKSAT,
unit Map Horfzon Table 4.2 inch/
No. Soil Name USDA Scll Texture unit Depth, Inches Textural Class hour
Mr Mchall ___ ClayLoam 50 0-12 Clay Loam 0.05
Laveen Loam 2 Loam
Estrella Loam 2 Loam
Tucson Loam 2 Loam
Tremant Loam 2 Loam
Vecont Loam 2 Loam
s Mohall Clay 80 0-19 Clay 0.01
Trix Clay Loam 2857 Clay Loam
Glenbar Clay 2.857 Clay
Cashion Clay 2.857 Clay
Vacont Clay 2.857 Clay
Avondale Clay 2.857 Clay
Mohall Clay Loam 2.857 Clay Loam
Mohall Clay 2.857 Clay
MTB Mohall Loam 40 0-12 Loam 0.15
Mohall Clay Loam 10 0-12 Clay Loam
- Tremant Clay 20 148 Clay Loam
Estrella Loam 15 0-11 Loam
Rillito Loam 5 Loam
Caolidgs Sandy Loam 5 Sandy Loam
Lavesen Loam 25 Loam
Gilman Loam 25 Loam
MV Mohall Clay Loam 25 0-12 Clay Lear. 0.15
Mohall Loam 20 0-12 Loam
Lavean Loam 20 0-15 Loam
Laveen Sandy Loam 15 0-14 Sandy Loam
Esfralla Loam 6.667 Loam
Gilman Loam 6.667 Loam
Tremant Gravelly Clay Loam 6.667 Sandy Clay Loam
Pa Perryville Sandy Loam 85 g-12 Sandy Loam 0.40
Laveen Sandy Loam 5 Sandy Loam
Coolidge Sandy Loam 5 Sandy Loam
Riliito Sandy Loam 5 Sandy Loam
Ph Perryvill Gravelly Loam 80 0-9 Sandy Loam 0.38
Rillito Loam 5 Loam
Lavsen Loam 5 Loam
Coalidge Sandy Loam 5 Sandy Loam
Parryville Gravelly Loaam 5 Sandy Loam
PeA  Perryville Gravelly Loam 78 09 Sandy Loam 0.37
Rillito Loam 10 Loam
Tremant Loam 4 Loam
Coolidge Sandy Loam 4 Sandy Loam
Laveen Loam 4 Leam
Juns 1, 1852 B-1



Maricopa Central Soil Survey

Map % of Control XKSAT,
uni fap Horizon Table 4.2 Inch/
No. Soit Name usDA Soll Texture Unit Depth, inches Texutrat Class hour
PeB  Pempwille Gravelly Leam &0 0-9 Sandy Loam 0.38
Rilfito Loam 6.667 Loam
Laveen Loam 8.687 Loam
Coolidge Sandy Loam 6.667 Sandy Loam
PRB  Pemyvile Loam 38 09 Loam 028
Riflit Fine Sandy L.oam 30 2-10 Loam
Perryville Sandy Loam 10 0-8 Sandy Loam
Rillito Fine Sandy Loam 10 2-10 Loam
Antho Sandy Loam 3.75 Sandy Loam
Coolidge Sandy Loam 3.75 Sandy Loam
Laveen Sandy Loam 3.75 Sandy Loam
Gunsight Gravelly Loam 375 Sandy Loam
PsA Pinal l.oam 85 08 Loam 0.25
Pinal Loam 3.7% Loam
LaPaima Very Fine Sandy Loam 3.75 Loam
Toltec Loam 3.7% Loam
Gunsight Gravelly Loam 3.75 Sandy Loam
PsB  Pinal Loam 80 08 Loam 0.26
Gunsight Gravefly Loam 4 Sandy Loam
Coolidge Gravelly Sandy Loam 4 Sandy Loam
LaPaima Very Fine Sandy Leam 4 Loam
Rillito Loam 4 Loam
Cheriani Very Gravelly Fine Sandy Loam 4 Sandy Loam
PT Pinat Gravelly Loam 85 08 Sandy §.oem 0.40
Gunsight Gravelly Loam 75 Sandy Loam
Cherioni Very Gravelly Loam 7.3 Sandy Loam
P/B  Pinal Loam 50 08 Loam 0.25
LaPalma Very Fine Sandy Loam 25 D5 Loam
Toletec Loam 15 0-12 Loam
Laveen Loam 5 Loam
Pinal Loam 5 Loam
PWB  Pinal Gravelly Loam 55 08 Sandy Loam 0.38
Sun City Gravelly Loam 35 0-3 Sandy Loam
Beardsley L.oam 5 Loam
Gunsight Loam 5 Laam
PYD  Pinamt Very Gravelly Sandy Loam 40 06 Sandy Loam 0.20
Tremant Clay Loam 30 18 Clay Loam
Gunsight Gravelly Loam 6 Sandy Loam
Antho Gravelly Sandy Loam 6 Sandy Loam
Rillito Gravelly Loam ] Sandy Loam
Ebon Gravelly Loam 6 Sandy Loam
Camizo Gravaily Sandy Loam 6 Sandy Loam
B-14 June 1, 1992




Maricopa Central Soil Survey

Map % of Control XKSAT,
Unit Map Horizon Table 4.2 inch/
No. Soil Name USDA Soil Texture Unit Depth, inches Textural Class hour
RaA  Rillito Sandy Loam 80 0-12 Sandy Loam 0.39
Coolidge Sandy Loam 4 Sandy Loam
Laveen Sandy Loam 4 Sandy Loam
Tremant Loam 4 Loam
Perryville Sandy Loam 4 Sandy Loam .
Final Loam 4 Loam
RaB Rillito Sandy Loam =]0] 0-10 Sandy Loam 0.39
Laveen Sandy Loam 5 Sandy Loam
Coolidge Gravelly Sandy Loam 5 Sandy Loam
Perryville Gravelly Sandy Loam 5 Sandy Loam
Pinal Loam 5 Loam
RbA  Rillito Loam 80 Q-2 Loam 0.26
Laveen Loam 5 Loam
Perryvilie Gravelly Loam 5 Sandy Loam
Coolidge Sandy Loam 5 Sandy Loam
Tremant Loam 5 Loam
RbEB - Rillito Loam 80 010 Loam 0.25
- .- Laveen Loam 6.667 Loam
Perryville Gravelly Loam 6.667 Sandy Loam
Pinal Loam 6.667 Loam
RhB  Rillito Loam 10 2-10 Loam 0.23
Rillito Loam 10 2-10 Loam
Rillito Loam 10 2-10 Loam
Hargqua Gravelly Clay Loam 10 0-3 Sandy Clay Loam
Hargua Gravelly Loam 10 0-3 Sandy Loam
- Harqua Loam 10 0-3 Loam
Gunsight Loam 15 1-3 Loam
Gunsight Loam 15 1-3 Loam
Gilman Loam 1.25 Loam
Gilman Fine Sandy Loam 1.25 Loam
Antho Gravelly Sandy Loam 1.2B Sandy Loam
Antho Sandy Loam 1.25 Sandy Loam
Carrizo Gravelly Sandy Loam 1.25 Sandy Loam
Valencia Sandy Loam 1.25 Sandy Loam
Estrelia Loam 1.25 Loam
Estrelia Loam 1.25 Loam
RpE  Rillito Loam 15 2-10 Loam 0.29
Riliito Loam 15 2-10 Loam
Perryville Gravelly Loam 30 -9 Sandy Loam
Gunsight Loam 7.6 1-3 Loam
Gunsight Loam 7.5 1-3 Loam
Pinal Gravelly Loam 15 0-8 Sandy Loam
Harqua Gravelly Clay Loam 5 Sandy Clay Loam
Calcio/Torrio Sandy Loam 5 Sandy Loam
January 1, 1995 B-15




Maricopa Centrai Soil Survey

Map % of Contro) XKSAT,
Unit iap Horizon Table 4.2 inch/
No. Soil Name USDA Soli Texture unit Depth, Inches Textural Class hour
RS Rock Qutcrop — 85 — 040
Cherion Very Gravally Loam 67 16 Sandy Leam
(Gachado Very Gravelly Loam 33 Sandy Loam
Ta Toltec Loam 90 0-12 Loam 0.25
Giman Loam 3.33 Loam
Laveen Loam 333 Loam
Tucson Loam 3.33 Loam
TB Tomifluvents Sandy Loam 100 080 Sandy Laam 040
Tc Torriorthents
D Termipsamments  Loamy Sand 100 0-60 Leamy Sand 120
Tarrifluvents
Te Tremant Loam 85 0-12 Leam 025
Rillito Loam 5 Lcam
Laveen Loam 5 Loam
Mchall Loam 5 Leam
TIA Tremant Gravelly Loam 85 0-12 Sandy Loam 037
Tremant Gravelly Sandy Loam 3 Sandy Loam
Laveen Loam 3 “Loam
Rilito Gravelly Loam 3 Sandy Loam
Machafl Loam 3 Loam
Harqua Gravelly Clay Loam 3 Sandy Clay Loam
B Tramant Gravelly Loam 85 0-12 Sandy Loam 0.36
Harqua Gravelly Clay Laam 75 Sandy Ciay Loam
Rillita Loam 375 Loam
Gunsight Gravelly Loam 375 Sandy Leam
Laveen Loam 3.75 Loam
Tg Tremant Clay Leam 85 0-12 Clay Loam 0.04
Mohall Clay Loam 3 Clay Loam
Vecont Clay 3 Clay
Laveen Loam 3 Lcam
Harqua Gravelly Clay Loam 2 Sandy Clay Loam
Riliita Loam 3 Loam
Th Tremant Clay Loam 85 18 Clay Loam 0.04
Rillito Loam 3 Loam
Mchall Clay 3 Clay
Laveen Loam 3 Loam
Pinamt Gravelly Clay Loam 3 Sandy Clay Loam
Harqua Gravelly Clay Loam 3 Sandy Clay Loam
B-16 June ¥, 1662



Maricopa Central Soil Survey

Map % of Control XKSAT,
Unkit Map Horizon Table 4.2 Inch/
No. Soil Name USDA Soil Texture Unit Depth, inches Textural Ciass hour
TPB  Tremant Clay Loam 40 18 Clay Loam 0.12
Tremant Yery Gravelly Laam 40 0-12 Sandy Loam
Mohall Loam 4 Loam
Estrella Loam 4 Loam
Pinamt Graveliy Loam 4 Sandy Loam
Laveen Loam 4 Loam
Giman {.oam 4 Loam
TrA Tremant Clay Loam 40 18 Clay Loam 0.1
Aillito Fine Sandy Loam 25 2410 Loam
Gunsight Loamn 20 1-3 Loam
Laveean ioam 5 Loam
Hargua Gravelly Clay Loam 5 Sandy Clay Loam
Pemyville Gravelly Loam 5 Sandy Loam
T8 Tremant Clay Loam 35 18 Clay Loam 0.13
Rillito Fine Sandy Loam 30 2410 Loam
Gunsight Loam 25 1-3 Loam
" Laveen Loam 25 Loam
~ Cooiidge Gravelly Loam 25 Sandy Loam
Pemyvilla Gravelly Loam 25 Sandy Loam
Hargua Gravelly Clay Loam 25 Sandy Clay Loam
TSC  Tremant Clay Loam 35 18 Clay Loam 0.14
Rillito Fine Sarndy Loam Kt} 2-10 Loam
Gunsight Loam 20 1-3 Loam
- Carrizo Gravelly Sandy Loam 3.75 Sandy Lo
Laveen Sandy Loam 375 Sandy Loam
Coolidge Gravelly Sandy Loam 3.7 Sandy Loam
Permyviile Gravelly Loam 375 Sandy Loam
Tt Trix Clay Loam 88 0-10 Clay Loam 0.04
Avondale Clay Loam 3 Clay Loam
Glenbar Clay Laam 3 Clay Loam
Mohall Clay Loam 3 Clay Loam
Laveen Clay Loam 3 Clay Loam
Tu Tucson Loam g5 0-14 Loam 0.25
Casa Grarde Loam 3 Loam
Laveen Loam 3 Loam
Gilman Loam 3 Loam
Estrelia Loam 3 Loam
Tremant Loam 3 Loam
Tw Tucson Clay Loam 82 0-14 Clay Loam 0.05
Casa Grande Loam 36 Leam
Monall Clay Loam 36 Clay Loam
Laveen Loam 38 Loam
Gilman Loam 36 Loam
Estrella Loam 38 Loam
\June 1, 1992 B-17




Maricopa Central Soil Survey

Map % of Cantral XKSAT,
unhk Map Horlzon Table 4.2 inch/
No, Soil Name USDA Sofl Texture unht Depth, Inches Textural Class hour
Va Valengia Sandy Loam 85 0-10 Sandy Leam 0.ag
Coolidge Sandy Loam 5 Sandy Loam
Estrella Loam 5 Loam
Mohal Sandy Loam 5 Sandy Loam
Vb Valencia Sandy Loam 70 0-10 Sandy Loam 0.39
Casa Grande Sandy Loam 75 Sandy Loam
Antho Sandy Loam 7.5 Sandy Loam
Estrella Loam 75 Loam
Coolidgs Sandy Loam 75 Sandy Loam
Ve Valencia Gravelly Sandy Loam 80 0-30 Sandy Loam 0.39
Antho Gravelly Sandy Loam 6.67 Sandy Loam
Camizo Gravelly Sandy Loam 6867 Sandy Loamn
Esfrella Loam 8.67 Loam
Va Vecont Loam 85 0-10 Loam 0.25
Mohall Loam 5 Loam
Gilman Loam 5 Loam
Laveen Loam 5 Loam
Vi Vecont Clay BS 0-15 Clay 0.01
Mahall Clay Loam 5 Clay Loam
Estrella Loam 5 - Loam
Laveen Loam 5 Loam
Vg vint Loamy Fine Sand 77 0-27 Loamy Sand 0.91
Antho Sandy Loam 48 Sangy Loam
Camiza Gravelly Sandy Loam 48 Sandv Loamn
Brios Sandy Loam 48 Sandy Loam
Maripo Sandy Loam 46 Sandy Loam
Gilman Fina Sandy Loam 46 Loam
Vh Vint Fine Sandy Loam 80 0-14 Loam 0.27
Antho Sandy Loam 6.57 Sandy Loam
Brios Sandy Loam 6.67 Sandy Loam
Maripo Sandy Loam 6.87 Sandy Loam
vk Vint Loam 80 0-14 Loam 0.26
Antho Sandy Loam 5 Sandy Loam
Maripo Sandy Loam 5 Sandy Loam
Gliman Loam 5 Loam
Brios Loam 5 Loam
vn Vint Clay Loam 80 0-14 Clay Loam 0.04
Cashion Clay 5 Clay
Avandale Clay Loam 5 Clay Loam
Avonda Clay Loam 5 Clay Loam
Brios Loam 5 Loam
B-18 June 1, 1992



Maricopa Central Soil Survey

Map % of Contrel XKSAT,
Unit Map Horizon Table 4.2 inch/
NG. Soll Hame UJSDA Soll Texture Unit Depth, Inches Textural Class hour
Vi Vint Fine 3andy Loam 28 0-14 toam 0.63

Vint L.0amy Fine Sand 27 0-14 Loamy Sand

Camzo Gravelly Sandy Loam 15 0-5 Sandy Loam

Carriza Gravelly Sand i3 0-5 Loamy Sand

Briog Loamy Sand 375 Loamy Sand -

Antho Sandy Loam 375 Sandy Loam

Tomripsamments  Loamy Sand 375 Loamy Sand

Torrifluvents Loarny Sand 3.75 Loamy Sand
Wy Wintersburg Clay Loam 50 0-12 Clay Loam 0.03

Wintershurg Clay 35 0-18 Clay

Cashion Clay 3.75 Clay

Avondale Clay Loam 375 Clay Loam

Lavean Loam. 375 Loam

Winiersburg Clay Loam 3.78 Clay Loam

B-19
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Eastern Soil Survey

Map Control
Unit Horizon Table 4.2 Textural  XKSAT,
NoO. Soil Name USDA Soil Texture Depth, in Class in/hr
Af Agualt __Fine Sandy Loam 0-17 Loam 0.25
A9 Agualt __Loam o 17 Loam 0.25
Am Alluvia) Land Sand D80 Loamy Sand 120
AnA  Antho Sandy Loam 0-17 Sandy Loam 0.40
__AnB_ Antho __Sandy Loam 017 Sandy Loam 0.40
AeB  Anthg Gravelly Sandy Loam 0-17 Sandy Loam 040
A Avondale Clay Loam 0-13 Clay Loam 0.04
Ca Carizo - Gravelly Loamy Sand 0-15 Loamy Sand 1.20
Ch Carrizo _ Fine Sandy Loam 0-15 Loam 0.25
Cec Cashion Clay 0-12 Clay 0.01
CeC  Cavelt ~_Gravelly Loam 28 Sandy Loam 0.40
Co Contine Clay Loam 0-12 Clay Loam 0.04
_ Es Estrella Loam 0-15 Loam 025
Gt Gilman _ Fine Sandy Loam 0-13 Leam 0.25
Gm Gilman Loam 0-13 Loam 0.25
Gn Glenbar __ Clay Loam 0-14 Clay Loam 0.04
Gr Gravelly Alluvial Land  Very Gravelly Sandy Loam, Leamy Sand 0-80 Loamy Sand 1.20
LaA Laveen Loam 0-14 Loam 0.25
LaB  Laveen Loam 0-14 L.oam 025
LeA  Laveen Clay Loam 0-14 Clay Loam 0.04
Mo Mohal! Sandy Loam 0-18 Sandy Loam 0.40
My Mohall Loam 0-15 Loam 0.25
__Pm Pimer Clay Loam 015 Clay Loam 004
PnA  Pinal Gravelly Loam 0-18 Sandy Loam 0.40
PnC  Pinal Gravelly Loam 0-18 Sandy Loam 0.40
Po Pinal Variant Loam 0-13 Loam 0.25
__PvA  Pinamt Very Gravelly Loam 03 Sandy Loam 0.40
PvC  Pinamt Very Gravelly Loam 0-3 Sandy Loam 0.40
RIA_ Rilito Gravelly Loam 0-13 Sandy Loam 0.40
RIB Rillita Gravelly Loam 0-13 Sandy Loam 0.40
Ro Rock Land Gravelly Loam - Clay Loam — Loam 0.25
~ Au Rough Broken Land Varies — Sandy Loam 0.40
TrB  Tremant Gravelly Sandy Clay Loam 15 Sitt 0.10
Tx Trix Clay Loam 0-14 Clay Loam 0.04
Va Valencia Sandy Loam 0-13 Sandy Loam 0.40
Ve Vecont Clay 0-14 Clay 0.01
vi Vint Loamy Fine Sand 0-12 Loamy Sand 1.20
June 1, 1652 C-3












SOIL TEXTURE CLASSIFICATION

TRIANGLE

Clay

\
\
\\
(31 Y Silt %
ay\loam i
Sandy clay loam o) L A4 S
/4 clay loam
# 20
90 .
Sandy loam Silty loam 10
Sand
100 )
7 7 77 A
O 40 50 60 70 80 230 100

Definitions: Clay - mineral soil particles less than 0.002 mm in diameter.

§ilt - mineral soil particles that range in diameter from
0.002 mm to 0.05 mm.

Sand - mineral soil particles that range in diameter from
0.05 mm to 2.0 mm.

Example: Point A is a soil composed of 40% sand, 35% silt, and 25% clay.

It is classified as a clay loam.






Tcand R Worksl{eet

RS






Calvulated by: . ) Date;
Proi

Loss Method ]
ro] Ii ol
[ ] 1L + ULR by hydrelogic soil group
Tabulate Period of Rearrange Incremental Excesses in
E Crder of Decreasing Average Intensity
Clock Time Increm. Accum. Increm. Accum. Avg. Excess
g end of Fxcess Time Excess Excess Intensity
Ingrem. in, hr./min. in. in. __in./hr.
A= _ sg.mi. 4
L = __ mi. At
3 = ft/mi. e
r
Koo = o [log(A * 6401+ b &
Xb = ¢ 3 log ( *640) + y B [
Kb = e
.50 .52 -.31 -.38
Tc = 11.4 L Kb ) i E
-.38 , x
Te = (_ 3y 1 : C
e
Trial Tc i Calc. Tc s
s
I
ot
t
e
r Il
Tc = hr, §
i
£
1,11 -.57 .80 y
R = .37 Tc A L
i
o — n
| R = hrT} /
i h
T

Time (Tc) {hr./min.)







Precipitation DePth-]jiuf;ﬁon
Diagram (6-24 hour)






S min. 10 15 20 30 100 200 300 500 1000 min.
10

LT O
[

8]

o

o

>

o

M

RAINFALL INTENSITY (INCH/HR)

.04

5 min. 10 15 20 30 . 100i 200 300i 500 i 1000 mn.
1 hr 2 3 6 12 24 hr
DURATION

RAINFALL INTENSITY—-DURATION—-FREQUENCY RELATION
FOR MARICOPA COUNTY, ARIZONA






Rainfall I-D-F
Relation (blank)






PRECIPITATION DEPTH (INCHES)

) 10 20 50

RETURN PERIOD (YEARS)
PARTIAL—DURATION SERIES

Precipitation Depth versus Return Period for Partial-Duration Series

100






Method Comparison

The Flood Control District staff has conducted a comparison of different hydrologic
methods for tulorial purposes. The results from these comparisons support a major
objective for developing the Drainage Design Manual of Maricopa County: the stand-
ardization of drainage analyses. This helps alleviate problems that occur after a
developed parcel is annexed. The comparisons are summarized below.

Two separate applications were considered for making a comparison of hydrologic
analyses. The first looks at a small urbanized watershed using several different
methodologies, but primarily the Rational Method, and is summarized in Table H-1.

Table H-1
Peak Discharge from a Small Urban Watershed
1 2 3 4 5 | 6
Maricopa Phoenix Phoenix Maricopa Phoenix Flood
Co. Rational, ‘ Ratlonal, SC8* Co. UHP**, | Computer, | Freguency
Tr* years cfs cis cfs cfs cfs
2 37 29 7 12 20 18
5 60 41 17 24 44 31
10 75 48 26 39 B1 43
25 108 57 42 58 86 83
50 140 67 53 89 105 126
100 173 74 68 113 126 190
“Tr = Return Frequency
**URP = Unit Hydrograph Procedure
***8C8 = Soil Conservation Service

The Maricopa Rational Method generates higher peak discharges than that being
used by the City of Phoenix. However, inmost instances, these figures are not overly
conservative when compared to recorded data. The significance of this difference
depends on which return frequency is used and for what purpose.

June1,1992 b




The second application compares retention requirements for various cities with
those outlined in the Hydrologic Design Manual, and is surnmarized in Table H-2.

Table H-2
Comparison of Retention Requirements
City Method | Maricopa County Method
City Q100+, cfs v act Q100, cfs v, ac-ft
Chandler 188 13.49 227 11.62
Glendale 109 7.74 237 10,88
Mesa 144 11.34 231 11.49
Phoenix 138 7.74 243 12.41
Scottsdale 208 10.23 297 12.01
Tempe 138 15.80 231 11.18
*One-hundrad Year Peak Discharge.
“Yolume,
***Fitty Year Peak Discharge.

There is a 48 percent difference in discharge values between municipalities, as
compared to a 24 percent difference using the Hydrologic Design Manual; and there
is a 51 percent difference in volumes between cities, as compared to a 12 percent
difference using the Hydrologic Design Manual.  The significance of the differences
becomes important when the runoff from one jurisdiction impacts ancther.

If a farther understanding of the results is needed before a decision is made on
whether or not to accept the impacts from these differences, please contact ©is. The
Flood Cuntrol District will make every attempt to present the Drainage Design
Manual in a comprehendable format.




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

sppuEnT AMersoe  ComMPARISON page L oF 4
DETaIL Youngrowsn M ATERSHED  COMPUTED DATE -
Heak DiSCHARGE FRoN A S/vALL _ CHECKED 8Y o DATE

UREAN WATERSHED

THE YOUNGTOWN WATERSHED, AN URBAN WATERSHED MEAR /1! TH 4ve

AMD FPEORIA, /3 DEL/NVEATED ON FIGUWRE 1. IT5 ¢S5 THE ONLY 5474010

AR BAN WATERSHED ‘N 7HE COUNTY ALrownN To HAVE 4

CONTIALOUS RUAOFE RETCORD LONGEE THAN 0 YaARS, SIx METLOOS

WLl BE USED IN THIS COMPARISON 70 CALCULATE [/ ESTirtaATE
LTI~ FREQUENCTY DISCHARGES AT THE GAUBGE LOCATION :

/. THE MARICOPA CAUNTY RATIONAL METHOD

2. THE CITY OF PHOEMIX RATICNAL METHOD

3. THE MARICOPA COUNTY UNIT HYOROGRAPH PROCEDURE (CLARK UNIT HYDROGRAPH)

Y, THE CITY OF Pawocsprix / SCS AMETHOD

5 THE CITY OF PHOEA//X COMPUTER GENERATED DRAINAGE AAMALYSIS PROCEDURE

L. FLO0D FREQUEATY ANALYSIS USING LSS £XTRENE CO0G FAPER AD
THE CUNAIN PLOTTING FOS/77/0N,

BASIN PARAMETEES ;

LANp (UsF : Sa'ngle FamL13 EE"SI,DENT/AL
AREA :: O.13 mi* ar B3 2 acres
L = /023 mi = 5400 f¢

S = &8 Ft )y = ocon i = 0.1 %

@ Maricora Counmty RAaTional Mersop

2= YEAR PEAK DISCHARGE Te =49 2% Ay SR e
A = ~ 00625 (log B3.2) +. 04 .028
Te= /%9 (r023)5 (oz28)%% (58)~%
T< = L0942 ;38
TRY Tep 2 LSOO Ar @ Lz = O3 infhr, Tés= lov2 (a3) 3 = 07/ —+ s Goop
TRY Tea = L /0 Ars: (o = O.8% infhr, Tcp=/0%v2(88) 38 = 10?9 hr — Ok
Qa = CplaA = ((50)(.88)(83.2)= _37<ts

..‘_]8

=37

1]

S YEAR FPEAX DISCHARGE g
TRY Teg= .UT hrs s = LS5 fhr; Tog e foy2(/%4S5) 7 = . 905 hrs — OK
Q5= Csied = (50)(rv5)(832)_60cfs

/0~ YEAR PEAK DISCHARGE
TEY T = 785 hrs . 2,3 L1985 infbr, Tiwe L 042 (195)7% = o8 hr — Al Good
TRy 7cm = . 8I7 hrs: cw= /B8O in/hr, cie T LOYD (/.30)7” = L B33 hr — OK
Qo= CotnA = (£2)(r80)(832) = 75 chs

25 YEAR PEAK DISCHARGE .
TRY Toas = .75 hra: Las = 2.35 inshr, 7cas = LOY2 (235) 75 7853 hr — oK

Qis = Cos (s A = (.55)(2.35)(83.2) ¢ 408 5




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

cRoUECT METHOD CormPARISON PACE 2 oF 4
DETAlL Youngrown WATERSHED coMPUTED . DATE
CHECKED 8Y _ _ __ _ DATE ..

SO-~YEAR PEAEK DISCHARGE
TRY Texa® . 650 hrs. tuws= 2.95 tafhr, Teso= L0092 (2.95)° 8% . 697 hrs, — A6 Good
TRY Teses 700 hrs. lgp = 280 infhr, T sp = A0¥2 (2.80)73%: 708 hrs — ok
Qso= Cup 20 A= (60)(2.90)(93.2)%_ /50 cfs

TRY Ters* 633 hrs i Cio0 = 3.90 cnjhe, Tewms = /092 (3.90) < 0659 hrs — a6 Good
TRY Tie= L7 hrs ! Cooe = 3.30 cnjhr, Tere = /542(3.30)°%% 7 0. 662 hrs — ok
Qoo = Crew poo A = (L3} (3.30)(83.2):_ /73 cfs

@ CITY OF PHeENnX RATVONAL,  ITETHOD From:"STORM DRAIN DESIGA
) . ATANUAL" Cr'éj of Phoermix,
BASIN PARAME 7ELS . ‘ Juty, (988
AREA: 3.2 ac
OVERLAND FLOW LENGTH (ALLEY 7o STREET) : /30
AMAX UM GUITER FLOW LENGTH ! S840 = ¢
Sz, %
C:0.95 { RESICENTIAL AREA, AVERAGE ZOAM/NG )

Sum of Overland ‘F' Gutter Flows (4 + te)

CALCULATE Te

4, s ownas Ji30) _
£ ¢ 11)- 3% = 9.6 mip
Tr= LSgov, V= /5 FYs foe S=.00/ 4z and y=0.5"
= 5§v0/ 60(r8) = &l rin T = 46+ Gle = 6o 2min or 1103 he

7r Cyrs) { (infhr) Q pk (c3s)
Qpicz C LA ~_ i— /.g?’ i?
= 3T HY ey /0 /.29 48
25 /.52 7
50 /.78 67
/00 /.78 7Y

BAS/N FARAMETERS
A= 013 mi? s 832 ac

@ CITY OF PHIEANIX /3285 METHOD

Q- 7"’1_?‘*/ AQ  Lhere Qp= Feak Discharge (cf) L= $C50°
/ A = Draf'naje Ar‘-:a_-CM(z) 5z 0.0 f4%¢ (run onp.21)
QL = Storm Runoff (in) W= (¥3,8500x83.2)/56507 ¢4)°
Tpz 7Time ta Feak {hr) WE = /10
7 (4rs) 2 s 70 25 SO 00 7:‘ ) go*;//:rs (cp;‘)alf R
— gL Group B, s
AT len) | .88 130 L6l | 2021235 266 T = 7 (WF) = L19% Ar

QT (cn) | 12 | .31 | .48 | .71 | .97 | 123

@;}c (cFs)

7 {7 26 ve 53 &8



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PAGE .S _oF _H

crovct SMeETHOD CompaRiSoN

 YounGrown AATERSHED COMPUTED DATE

VDT AL
DETAN

DAt

— CHECKED BY

@ STARICOPA COUNTY (NI T AYDROGRAPH PROCEDURE

BAS/ AN PQRA/METERS

A= 13 mit
5= 58 f/ms
L= g 023 o
Kb= 0.028

Time ~ Area Curve : URBAN
Runof¥: Ctlark Unit Hydregraph

Losses: Green - Ampt Aethod

LcA (SOR), Ped (352), VF(I5%)
LeA — .25 tnshr

Ped — 37 njhr
VE— Ol in/hr

LOSSES: Sow Map nits —*

FROM APPEND/Z C, XKSAT VALUES ARE

Basim Auerage XKSAT -
XKSAT = AL0G [ 50 (leg.25) + .35 /09 .31) #.s5 (/o5 .01)} = . /8 ¢n/he

FROM FiG Y3, Psim = 4.7in and Dro&7A (DRY) 2 O.38 in
TA = .50(20)+ 50(./0)= 0. /5 in (50% Oesert Zanl.scapzhj f SO% fowns )

RTimpP = 252% Ccaﬂﬂef.'.‘ca/_ ;'mpcrwbusncss)

KEC) RLINS iSING & - WOUR RAINFALL DEPTHS (adjusted),
AND Te £ & CALCULA TIONS FRONA MCUMPL, EXE.
2 5 /0 1 25 S0 | /oo

7 {ars) o i
tit | 160 95| 2.31 | 280 345

G~ AR PATT'E'E‘N A, ./’

RaivFALL {in}

7e (hr) 160 | 133 1./2 | .9 | .82 | .75

R (hr) .89 | /5| 136 1./5 ) .9 | .g7
/2 124 | 39 | 58 | 89 | //3

@ pk fcﬁ)

(D _cirv oF PHOEAIX " COMPUTER GENERATED_ANALYSIS PROCEDURE "

CCJIQVE /"/aﬂﬁl-“te : 85?’2’ 5 Sa/ﬁ'. — '35 Caq)+ . I.S. (?o) = 85’
/& Ve D Se -

LAG TIME: 71 =0.6 72
T2 2 46.3 min Frem Rational Method Calcs. in (@

7. = 0. (66.3) = 378 min = ©.¢63 Ar

FAINFALL: 24— Aour ﬂgf:f/j and Dwstribation from p. le o Fhe
“Sterm Drain Dejz'jn Manual .

RUNOFE MODEL :  SEC-41



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT METHop CormpaAR.tson oacE Y oF _4H
DETAIL YoungTown AareRSHED _ COMPUTED ... DATE.
— CHECKED BY COATE T
FRESULTS :
/r_(years) LanFaLL Deprw (in)  Prax Discwaree (oFs)

z YL d . ‘ 20

S 2./0 Ty

1o 2.53 ‘ Ol

25 3.12 g

50 | 3.57 " /05

100 : y.04 126

SUMMARY TABLE : PrAK DISCHARGES /N CFS

I MARICOPA Co. CITY OF PHX.  CITY OF PHX. MARICOPA Co. C11V OF PHX. FLOOD
{years) || RATicaAL HETHOD | RATIONAL METHOD SCS W-H.P COMPUTER | FREQUENCY

2 37 29 E iz ,' 20 /6

5 } &t 47 : 17 24 by 31

/0 7 “8 26 39 A _ 48

25 /o8 57 42 58 4% 83

50 G &7 53 89 105 126

700 173 74 &8 13 /26 /70




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

eroJeCT METHOD _ Cer?PARISON PAGE OF
DETAIL _)/OUNGTOH/A/ /v’ﬁf_é'ES'Hé'lL COMPUTED ... DATE
- CHECKED BY DAY _

RECORDED DATA

The &S5 GS. operated a strcam/precipitation gauge*
at the outlet of #he YOungtawn Watcrshed during the percod

[Pl - /F73. (Lseng the Cunane plotting FOSc’fr'on , A Summary

of the data and the statistical analysis Fel/lows:

WATER YEAR Qp (cfs) Rank (m) =2 /'v’?—;g_ RETURN PERIOD
' - ( years)
{965 73 / , Oy 5S" 22.00
1970 7 zZ A 8.25

1973 39 3 L1970 5.08
At 3¢ 5 .2727 3.67
1966 21 5 . 3485 2.87
1704 17 é .qadz 2.36
1972 7 7 . 5000 2,00
963 & 8 . 5758 t. 74
19¢%9 15 3 .65/ .55
196! 8.8 0 L1273 1.38
1968 7.8 1 . 8030 1,25
1967 6.6 12 . 8188 v
1952 57 13 =N , ISHE | 1,08

¥ Gauge # 7-5/37: Agua Fria sz'bctﬁ'arg at j’oungf‘own, Az.
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ID
ID
IT
IO

BA
IN
KM
KM
PC
PC
PC
LG
UA
UA
uc

MARICOPA COUNTY UNIT HYDROGRAPH FROCEDURE
TOUNGTOWN WATERSHED: B8HR - 100 YR RAIHFALL, (LAPK UNIT BYDROGRAUH
GEREEN % AMPT LCSSES, URBaAN TIME/AREfL CURVE
5 1a0
0
SUB1
.13

15

6-HOUR RAINFALL, FATTERN NO. 1.00 WAS USED TO FING TC & R FOR THIS BASIN

THIS BASIN USEL A RAINFALL REDUCTION FACTOR OF .$98

]

.Q00 .008 .016 .025 .033 041 .030 .058 066
.087 .06% .118 .138 . 216 377 834 . 911 .931
.962 .872 .938 .991 1.000
.13 .38 5.7 .18 25.0
0 5 16 30 65 77 84 8¢ 94
100
0.82 0.96

Zi -

074
.550

97

ID
ID
1D
IT
10
JE

KX ¥

BA
IN
FPE
FC
PC
FC
PC
PC
LS
uD
KF
FB
KP
PR
KP
PB
KP
FPE
KFP
FPE
22

MULTI-FREQUENCY RUN FOR YOUNGTOWN WATERSHED
USING CRITERIA ESTABLISHED IN THE CITY OF PHOENIX
STORM DRAIN DESIGH MANUAL

10 250

0 .004 .008 .013 .018 022 026 .031 .035
044 .048 .053 . 057 .062 .066 071 .075 .080

107 .120 .140 .170 .50 .830 .860 .B80 .B

.920 .924 .928 .833 .937 . 942 . 947 .951 .9

964 . 969 ,873 .978 . 982 .987 .991 .995 1.
85

2.1
3
2.53 FIGURE &
4
3.12 HEC-1 SAMPLE PROGRAMS FOR

5

G3
56
00

. 040
.093
. 907
. 960
1.00

3.57 MARICOPA COUNTY UNIT HYDROGRAPH PRCCEDURE AND CITY OF PHOENIX METHOD

6
4.04
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PAGE _& oF _G

PROJECT ATETHOD CGMPAR’!SON
nttai Retention Reguire men?s comPuten DATE
. CHECKED BY i DATE .. ]
OF CHANDLER [Cont.)
CITY CHANDL or 7c= 4+t = 3613 pup
AT To = 36,13 min and Ped = 2.9F en., ¢ = 3.498 tn/fhr
THEAN @i (o5)(3.48)(832): /88 cfs

Prod

Vorure: V= ro [ ca 4,

P& = . 3491 (Pmo‘)'f'.éf‘?f Puel) = 2.66n

Vo= w0l es)(832)(2.ce,72) % /3.1 ac-£Z

CMARICOPE METHID FOR CHANDLER

C =063

L 7.023 m¢

Ky = =. 00625 (log 83.2) +. 04 » , 028
S = 27.08 ft/me

PE= 187 in

!,/.‘/ L_.s‘o Kb“fe 5-..3:{:-.3&
O.aq¢ o 38

7e
7e

20 min., (p= 57 (nfhr, s = (S1)(1.8T)/2.07 = &7 in/hr

ewe (46t ) 2 2169 min——w AO GOOD

nmou
H

TRY Te
7‘2 =

TRY Te s 22 min, ip= %8 infhr, croe ® (¥8)(1.87)/2.07 = .34 (n,'r
Te ® 648 ¥ 39)7%8 a 22 .2 mey — = OK

Qs> (.63)(¥34)(832)= 227 cfs

Vocume: = CA (Pl/12) i Fei= 341 (PE)+ 659 (Pal) = 2.6¢ in
Vi = (. 3)(832) (2.66/12) = 11.62 ac-£L

(2) ciTY OF GLENDALE. SOURCE: City of Glendale Design Guide/ines
fFor Site Development and
CITY METHOD: RATIONAL METHOL Infrastructure Construction- /770
! H }!‘ TN -
Tee £p + JO min Basin Outlet Locatien: Aerthern &7 TH Ave
C 2 0.5 ((From Cif‘y of Pheenix Mancal)
. 251
7 Q- s (7-3'?—5)(.005)’5‘65‘%= 20.18 cfs -5 25

Ve @/A = 333 fik
te = Ligov = S5¥0°/¢0(3.33) = 2773 run

u

THEN Te = 27.73 + 20 = 3773 mun
AT T = 3273 min, (o= 2.9 cnsbr ( uswa/o‘c‘y of Phoenix /Fanual)

Qoo = (¥5)(2.9)(83.2)= /09 cFf




FL.LOOD CONTROL. DISTRICT OF MARICOPA COUNTY

cirouert Mernop ConpARISON  pAGE 3 o &
. RerenTIoNn KEQUIREMENTS _ COMPUTED DATE
3 _ CHECKED 8Y oo _DATE .

CITY O0F GLENDALE (Cont.)

VOLLUME \Vr = 7200 Aa CI, where C= .95
Vr s 7200 (8A.2) [ %4S)(1.25) Aq:’ 33'2_#-
re “3. 500 Ft‘/qc Tz 25 ca/br

Ve = Z7Y ac-£%

MARICOPA COUNTY ATETHOD FOR CITY OF GLENPALE

Vo= iy (1023)F Coz28)52(2708)°% i P Gws ;T PF = 195 in

Ty Ta = 22 min, (ot 48 inShr, Lot (¥8)(1.95)/2.07 = 452 infhe
7e=.6Me (952)7® = 2485 min — Ok

 Quee= (0.63) (¥ 52)(83.2)= 237 <fs

5y - Pros & 2.95 i
w9y + 755 (2. 95-)(375.) 2.28 (n B2 s 3704
P4 LY

Ped = .39t (2.95) + . 657 (2.25) = 297 in
AVAE CA( P,.“) = 663)(332) (2.‘1’?/{2) = JO.R& ac;f;:g

II

l VOLUME .
v Pros

@ CiTY oF A EA SOURCE: Mesa Engineering Procedure AManual, June

{1973, Auj. /1789, ,
BASIN QUTLET LOCATION : M POWELL £ CECKER RA

CITY METWOD : RATIONAL EQUATION (S50 -ycar)

C: /0% RoOFS (38), s0% PAVEMENT (.85), ¥0% Desert lLandscape (.70),
/0% Bare Ground (.§0?), 302 Grass lLandscape (./5)
C= .20(88) v .v0(70) v t0(.50) + .30(.i§) 5 O.5%4

7o T =t te 4= .ovﬂ(:gsiégg;‘” = 2.5§ min

tr e ft
t 24 5= pog Ft

Q= /75 cfs Fals sede (ﬂomograp"l) S'L/-——/
' A= ¢ 7t

\ ® G/A = 292 f‘%}
e = $590 /0 (2.92) = 31,62 run

Je 2255 »~ 3/62 = 342 men
AT 7TE = 3% .2 men, L.s‘a = 3./7 “”/hr‘ CAfa /00- yr surve Presenf’e.c!)
Qo = (svs)(3.07) (83.2) = /%Y cfs

VoLume = (.258) cA = C.25)( . sws)(83.2)=_s/3Y4 ac-£¢f



FLOOD CONTROL DISTRICT OF MARICOPA CQOUNTY
page . 7 oF __ 6

paguect Mernoo C ompaRISON
nrTal RETENTION REQUIREMENTS compuTEn __DATE
CHECKED B8Y DATE ___ .. _
IMMARICOPA COUNTY METKHOD FOR CI7TY OF MESA
- v 52 - , =38 £ o= 7O .
Té= sy (1.023)7 (Loz8) 22708, P,i . 7
- ~34 Pros = 3.00 (n
o -
Je T . eve e = 3.80 n

TRY Ta? 22 mun, tpi 48 infhe, tiea= (48)(190) /207 5%/ injbr
Je 2. 696 (<) ™2 22 058 rn — Ok
Quoe = (62)(v4r)(832): 23! cfs

voLume .
Frad = 499 +. 755 (3.00) /350 = 29y /n
341 (300} + . 659 (2.4%) = 263 in

/D/oa2 =
2 . e
V= CA %o_) = (ga)(gj_z)CE-é.S/fz)—“ 1 HP ac~ £ F
O] CITY OF PHOENIX
SOURCE @ City of Phoeniz Sterm Drain Design Hanaal, Tuiy, 788

BASIA OUTLET LOCAT/ON . RAY Rd. £ sorm Sr
Ce7Ty METHOD ¢ SCS

¥ ":’ i~ G ching)

o o=
S = . 008 AL MHydrelogic Soil Group B Crv = BY
W= 4,4 = 3,560 X B2.3 /550 = @57 W= /170
7; e z‘(, _/_ éﬂ' . _ 77

Zo= Lous?3 (130)7 _ L oo

("5")‘3!5
V= 3.25 A% (Frem £ 33), Z¢ - 4/40\/ = 5% (3.25)% 28. %7 e

it:
T = TEXWE = 3%/ miy = 0.568 hr

Je = 255+ 28 .9/ = 340 min
For e = 206 in, @= /25 25
Qp= 7B L 38 g

.58
Viocume V= 7200 CTA |, where. C=.45, L =/25cn/hr, A= 83.2 cc
V=l7200 (. v5)( 1.25)(83.2) /43, s60) = _Z7% ac-ft
MARICOPA _COUNTY METHOD FOR CITY OF PHOEAIX P& =2.000n
e ewe T | el

7i = sy (1023)  (0z8) P (2708) /
TRY Té = 22 min., cp 3 YB in/hr, Lo (2.00)(78)/2.07 = 4.6% in/hr

7c L 6¥6 (%e5) 8 = 2163 men —  OK
‘ Q j00 '-'C.63)(""-5‘f)(33.2)= 2Y3 cfs



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

@

proJecT Merrop _ Corparison o PAGE W pF &
NETal Rerewrron AE@uiREMENTS _COMBUTED .o DATE
CRECKED BY oo _DATE
- F RHOENT 3
CITY OF FH X f cont. ) . P = 429 + 755 (3.30) /390 = 260 in
VoruMe: = CA ( o LProd = 3%/ (3.30)+ 659 (260} =289 in

Vs (.w)(ss.z) (2.8% /02)= (2.9 ac~ £t

CiTY OF SCOTMSDALE SOURCE : Crty of Scottsdale Design Procedures and
Criteria, Sectiond, July, 1985
BASIN OUTLET LOCATION: Jomax Rd £ /347 57
CITY METHOD: RATICNAL METHOD
Cp= 0.65

ZONING: RI-T; A@d"&/o_’pc Sore Group 8, <A =92,
' 7
— - 4. ) ‘2 . O%S93 (/30
e = 2oLt L (5')(“-"') = 255 mip; Vo4 (eurg) = 382 75

Tk s 2007 min, Tes 2.55% 2417 = 26.72 min
At~ Te = 27 min and Proo’= 2.27 ‘n, 08 = 3.85 in fhr
Qree = (.C5)(385)(83.2) ¢ 208 <fs

Ve CoAl Pmi) = (65)(832)(2%, ) = 10.23 ac-Ft

" General Drainage

CRT/ONAL METHOD FOR _SCOTISDALE: Jechnigues used in the
Plan for North Scottsdals, 4riz.”

AN WEC~{ ATODEL USING THE FOLLOWIMNG /NPUT GENERATED A PEAK DISCHARGE

aF 225 cofs AxD A RUNOFE VOLUME OF /8. 4 ac- F£.

T 5 200
1o 3

KK

PB 45

PC ... SCS TYPEIDA

Ls 7Y ?5

uKx 130 o008 (200 o5
UK Yol .01  ,07% 35
RK 420, 005 .020 ,otc8 TRAP &0,
RK 46/ .00 o028 .13 TRAP 50.

22 B
MARICOPA COUNTY METHOD FOR C/TY OF SCOTTS DALE B 230 in
Ny .52 3 =38 - 28 Prasr 342 in

Te= tr4% (roz2a) S oza) " (2708)7 T ; i 696 & s g i

TRy 7e =22 min., o= ¥ 8infhr, Cie= #8 (2-3/2-07) 5133 in/he

7c = .696 (5.33)73€= 20.52 mien —> AO Geopd
TRY Te= 20 miin,, ip 281 infhr, Gy = 567 énfbr, Tc<.6%6 ($67)77% = 2005 min, -+ OK

Qioe = (63)(£¢7)(83.2)= 297 cfs



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

Sy 0F SCcolTspALE (Cont.)

o

VOLUME @ Pod = 994 +.755 (3.%2) /wss) = 2935 on
Prost = 39/ (3.92) 7. 659 (2.v15) 7 2.77 in
Vo= (63} (822)(277/12) % _/2.0/ ac- ft

eRovECT (TErmop ComPARISON sace 6 of &
“ra Azdention Aeguirements coMpUTEL L naTE
e CHECKED BY DATE

SOURCE 1 7TEMPE LPUBRLIC WORKS DERPT. - PR/VATE
DEVELOLAIEAr ) DESICN CRITERIA , Tune, 1387
BASIN OUTLET LOCATION @ PRICE f SOUTHERN
CITY MEFHCD . RATISANAQL AMETHID

_CITY OF TEMPE

C ' /D% ROOFS (55), s0M PAVENMENT ((P5), $0% DESERT LAMDSCAPING (,70),
/3 ¥ BRARE GROUND (.25), 30% AVERAGE SLOPED LAwWAS (. 20)
C= .20(.96)+ Yo(. 7o)+ /0 (.25} +.30( 20) = 0.5¢
Tas A A KLF _ 2857013007
fas Ly A Ty - = = S0.7 m
'f.',_ S.Z C.S)'g «n
Fa i V=279 T4 s Yov = fsy%o(z.m = 33.7 min

Jo= /8.9 % 337 min = 9596 min; (3 2.97 in/br
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DDMS User’s Guide

L About the Drainage Design Menu System

The Drainage Design Menu System was developed by Sandra Towers with direction of Ted
Lehman of the Flood Control District of Maricopa County (FCDMC). The menu system’s main
purpose was to bring together several programs currently used by the District in conjunction with
design hydrology using the methods in the Drainage Design Manual, Volume I Hydrology (1992).
The menu system was intended to facilitate the input and management of data used in the
development of design hydrology according to the Drainage Design Manual. The menu system
makes use of previously existing programs which have been recommended for use with the
Manual, such as PREFRE, MCUHP1 and MCUHP2, and HEC-1. Among the main improvements
over the previous procedures, the new menu system allows for casy creation of MCUHP input files
and automatic merging of MCUHP output and HEC-1 data files. 1t is hoped that the menu system
will make for easier, more efficient and cost effective development of design hydrology for
engineers and hydrologists working with the Drainage Design Manual.

II. Hardware and Software Requirements

The Drainage Design Menu System (DDMS) requires at least a 386 IBM .COi'.l-'l.pa..tible computer
with a math coprocessor. These are the same requirements as those for the MCUHP programs. A
486 computer is recommended to process data at a speed acceptable to most users.

The program must be run from the DOS prompt. Much of the program will run in a DOS prompt
window from Windows but HEC-1 will not execute.

The DDMS comes with PREFRE, MCUHPI, MCUHP2, and RATIONAL executable programs.
HEC-1 is not provided with the DDMS. Users are responsible for obtaining their own copies of
HEC-1. However, the DDMS as packaged assumes that the user will be using HEC-1 through the
MENU-1 interface.

IS Using the Manual

Users of the DDMS should be familiar with the procedures outlined in the Drainage Design
Manual, Volume I. The DDMS is not a replacement for the Manual rather a tool to facilitate the
use of the methodologies outlined in it.

V. Installation Procedvre From Distribution Diskette

To install the DDMS first insert the diskette containing the software into a floppy disk drive,
change to that drive and type INSTALL. However, before installation read the following
instructions completely. Those persons downloading the software from the WWW use the
installation instructions found in the acompanying READMEI] 1. TXT file available on the Web.

LR e RS
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The installation program will ask the user to define the source drive (A: or B:) and a target drive (C:
, D: | or E: are possible) and a target directory. The default (and suggested) target directory is
HECEXE. The target directory will be creaied if it does not already exist. The installation
program will then 1) copy the executable programs for the DDMS, MCUHP1, MCUHP2,
PREFRE, and RATIONAL into the target directory, 2) create a subdirectory to the target directory
called CONTROL, and 3} copy the additional files needed by the DDMS into the CONTROL
directory. The entire DDMS package with all its associated files will take approximately 1 Mb of
hard disk space.

Once installed, the target directory must be added to your path. If you aiready have HEC-1
installed, the HECEXE directory should already be in your path. Addtionaily, if HEC-1 is not
already installed on your computer you need to do so.before all of the DDMS functions will be
complete. The user may also have to increase the number of files defined in the CONFIG.SYS. If
HEC-1 is already installed and working correctly the CONFIG.SYS will not require modification.
For information on HEC-1 software and installation refer to your HEC-1 installation diskettes
and/or your official Corps software distributor.. The DDMS also requires.the. DOS directory to be
“in the path. This is generally already the case for most users,

V. Getting Started

So long as the DDMS has been installed in a directory which is included in yvour DOS path, the
DDMS may be executed from any directory other than the root directory by typing DDMS at the
DOS prompt. The DDMS will not execute all functions properly from the root directory. Also, it
"1 strongly recommended that DDMS never be initiated or operated from within the HECEXE or
CONTROL directories. This will prevent inadvertant overwriting or deleting of default files and
make for easier file management in the long run. See your DOS manual for help with use of the
DOS path if you are unfamiliar with the use of the DOS path command. It is therefore
recommended that the user create a new directory for use of DDMS for a given study.

Any time a new analysis is begun, the user must first define a file family name for the files to be
created during the analysis. The file family is an important concept used in the DDMS.

Essentially, the file family name tells the DDMS how to name the files for a given analysis. The
file family name becomes the first part of the DOS file name for each file created using the DDMS
so Jong as the current file family remains the same. To establish a new file family, move to the
Family menu and select New Family. Enter a name for the new file family and press [Enter]. The
DDMS will then set up the new file family and return the user to the main menu. The user can

1

If an alternate target drive or directory is selected {e.g. other than CA\HECEXE), the tile DDMS.CTL will need
to be manually edited to change the PARAMS DIR wvariable to the installed target path. See the
README.TXT file for additional information.
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verify that the new file family has been established by checking the top status line. 1t should show
the current working directory and file family. If the status line does not appear to have the correct
information, return to the Family menu and try again. In all likelihood a simple typing error was
the cause of the problem. For more discussion of file families and use of the Family menu, see
section VII. under Family.

Vi Keyboard Techniques

Window Movement Keystrokes
Keystrokes to move around a window

When any window is displayed, the following keystrokes may be used:

[AIt]IF1]......................Display and move into Help Index Menu
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Display current help topic screen

Additionally, if the window.text.occupies more than one display box or "screen’ of text in length or
width, the following keystrokes may be used:

[Homel ..., Display the first screen of the text

(End] i, Display the last screen of the text

[Up Atrow] ..., Display text starting one line up

[Down Arrow] ... Display text starting one line down
(Page Up] ..o, Display text starting one page up

(Page Dn].....coovvna, Display text starting one page down
[Left Arrow], ..., Display text starting one column to left
[Right Atrow] ............. Display text starting one column to right

Finally, if the window 1s a help window, the following keystrokes may also be used:

[Ctrl][Page Dn] ........... Display next help topic screen in current help topic "stack”
[Ctrl)[Page Up]........... Display previous help topic screen in current help topic "stack"

Menu Movement Keystrokes
Keystrokes to move around a menu

When any menu is displayed, the current item is displayed in a bar of contrasting color. "Hot
Keys" are shown in another contrasting color, Making a selection using the "Hot Key" depends on
the menu being used.

S
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In a 5trip menu, across the top of the screen, press [Alt] and the "Hot Key" character. The Strip
menu jtem will be selected, making a menu drop down below the item. Tms 1s a normal menu, and
a selection may be made from it as with any other menu.

In all other menus, simply press the "Hot Key" character. If the "Hot Key" is unique, the item will
be selected. If it is NOT unique, the highlight bar will be moved to the next item with the "Hot
Key" that is pressed.

To move the highlight bar to a new item, the following keystrokes may be used:

[Enter] e, Select the curtent menu item

Homel .o Move to the first menu item

[End) oo . Move to the last menu item

[Up Amrow] ... Move to the item one line up from the current item

[Down Arrow] ... Move 1o the item one line down from the current item

[Left Arrow] ... Move to the item on the left of the current item

[Right Arow] ... Move to the item on the right of the current item

[AIOEL] e Display and move into Help Index Menu

(ELT e, Display help for the current item, if there is any, otherwise, the most

current help topic screen

Additionally, if the menu text occupies more than one display box or "screen" of text in length or
width, the following keystrokes may be used:

[Page Up]................... Move to the item one page up from the current item
[PageDnl.....cooo0vovnn. Move to the item one page down from the current item

If multiple items may be chosen from a menu, pressing [Enter] on an item will not cause an
automatic exit from the menu. In this case the following keystrokes may be used:

[Enter]............o.........Select current item if unselected, or deselect it if already selected
[F8] Select all items in the menu and exit

..............................

Finally, 1o exit from a menu use the following keystrokes:

[Alt][F10].................... Exit menu, use all selected items in multiple choice menu. Use
current item in single choice menu
Exit menu, ignore any choices made

A R R B R T R R Ly S B R e PRSP
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Form Movement Keystrokes
Keystrokes to move around a form

When a form is first displayed, the cursor is moved to the first field, in the first section. That field
is highlighted and the cursor blinks at the end of any characters in the field. There will also be a
strip menu at the top of the screen which provides further options for use of the data displayed in
the form.

To change values in the field, use the following keystrokes:

[BackSpace] . ... Backspace and clear the character before the cursor
[Ctrl][BackSpace] Clear the field

Page Upl ..., Toggle to the previous value in a field with a defined a toggle menu
[(PageDn] ... Toggle to the next value in a field with a defined a toggle menu
(Insert].........c.cccomvemnne, Enter “Field Edit" mode

In the insert mode, characters may be inserted before the cursor position or deleted at the cursor
position, The left and right arrow keys move the cursor only within the field. To exit the insert
mode press [Enter]. Any other character will be added to the end of the field.

To move to another field, use the following keystrokes:

(Enter] ..o, Move to the next field in numerical order

(Left Arrow] ... Maove to the nearest field to the left on the same line
[Right Arrow] ... Move to the nearest field to the right on the same line
[Up Arrow] ..o Move to the nearest field above this field

[Down Arrow] ... Move to the nearest field below this field

[Home] ..o, Move to the first field in numerical order

(End] oo, Move to the last field in numerical order

To move to another section or access the next data set in a file, use the following keystrokes:

[Tabl..ovoee e Move to the next form section
Access the next data set in the file

[Ctrl][Page Dn]
[Ctrl][Page Up] Access the previous data set in the file

To Zoom the section window, use:

[F5]...coiiiveannnn Increase the size of the standard section window to the position and
vemSize specified in the form specification. Pressing [F5] again, or
leaving the section, reduces the size to the standard size again.
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To access the strip menu, use the folloewing keystrokes:

TELOY ) go to the sirip menu

with any valid Hot Key {i.e. one of those highlighted in the strip
menu, takes you to that strip menu item)

Other form keystrokes nse commands analogous to those used in the U.S. Army Corps of
Engineers CoEditor which 1s used by MENU-1. Hence, commands like [Shift][F3] clears a field,
[Alt][F10] saves and quits a form, [Ctrl][F10] quits a form without saving, [F3] deletes a line and
[F4] inserts a line.

.............................

An extension of the CoEd logic was also made to the commands where [Cul][F3] deletes a data set
(e.g. set of form data for one subbasin) and [Ctrl]{F4] inserts & new data set below the current data
set. These two commands are especially helpful in the Subbasin Preparation and MCUHP forms.
For more discussion on Subbasin Preparation and MCUHP form keyboard techniques see their
respective sections in section VI Functions. '

VII Functions

This section discusses each of the menus and menu items in the Drainage Design Menu System.
Each bold heading reflects a menu name in the DDMS main menu. Subsequent headings are
primarily menu items available under each main menn.

Programs

The Programs menu contains the main programs used by the DDMS in putting together a flood
hydrology model and its related data. Generally, upon beginning the creation of an HEC-1 model
using the DDMS each menu item (except Rational) should be performed in the order they appear in
the menu listing. Normally only one MCUHP option will be used per file family. To select a
programn menu item simply scroll down to the item so that it becomes highlighted and press (Enter].
The selection of a menu item will cause the DDMS to open a form for entering input to the
program menu itemn program selected. The form essentially facilitates the creation of ASCII input
files used by each of the programs for proper execution. Once a complete set of files has been
created for a given file family, changes in storm, land vse, or soil loss characteristics can easily be
made and the MCUHP and HEC-1 programs can be rerun to obtain the new results.

PREFRE

When selected, the PREFRE menu item loads a form into which the rainfall statistics may be
entered. For each input field the status line at the bottom of the screen provides a short help
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message reminding the user what do for the current field. For more description of the field press
the [F1] key. Once all the necessary input fields have been filled in. just save and execute the form
(or use [Alt][F10]) to create the depth-duration-frequency (DDF) table for the study area. The
PREFRE menu item returns the user to the PREFRE form afler execution so that the user may
examine the DDF table before proceeding to the next menu item. Once PREFRE has been run
satisfactorily, the user may escape out of the form or quit the form by pressing |Esc] or [ Alt]-File-
Quit or {Cix]l[[F10]. For more discussion on the use of the Help or form movement keystrokes see
section V, Keyboard Techniques.

Land Types

The Land Types menu item loads the file family land use table to be used in the Subbasin
Preparation form for the association of land use types and loss parameter characteristics such as IA,
RTIMP, and percent vegetation cover. By default, the program uses the land use table shipped with
the DDMS. However, this should not be construed as a recommendation for the sole use of these
land use types or associated parameters for every flood hydrology study in Maricopa County. The
hydrologist is expected to evaluate the land use types and their associated parameters for each flood
hydrology study. The land use table defined for the current file family will be used for every
siibbasin entered into the Subbasin Preparation form. However, the Subbasin Preparation form
does allow for exceptions to the file family land use table for any given subbasin. See the Subbasin
Preparation menu item section below for more discussion. As is the case throughout the DDMS,
the status line at the bottom of the screen provides a short reminder message as to the nature of the
contents of each field. Likewise, more help is available for each field by pressing the [F1] key.
Once the user is satisfied with the land use types and their associated parameters, the table may be
saved and the form exited.

NOTE: Once data from the file family land use table has been merged into the Subbasin
Preparation form and saved, deleting a land use type from the file family land use table in the Land
Types form and reentering the Subbasin Preparation form will cause data in the land use section of
the Subbasin Preparation form to become mismatched. The reason is that the merge of the land use
table into the land use section of the Subbasin Preparation form assumes that a given land use type
(and 1ts associated parameters) occur on the same line in both places. Therefore, it behooves the
user to determine the land use types to be used for a given study BEFORE the subbasin data is
entered into the Subbasin Preparation form. This does NOT prevent the vser from changing
parameters for a given land use type after the subbasin data has been entered into the Subbasin
Preparation form. This is in fact the main purpose and advantage of using this portion of the
DDMS. If the user does need to add new land use types after data has been entered into the
Subbasin Preparation form, do so by adding the new types to the bottom of the file family land use
table using [Crtl-F4] at the end of the table from the Land Types menu item. This will prevent
mismatches resulting from the merge.

January 1, 1995
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Subbasin Prep (Subbasin Preparation)

The Subbasin Preparation form acts in similar fashion to the spreadsheet program previously
available from the FCDMC. The form starts by opening a blank form for the first subbasin data set
to be entered. Again the form may be navigated using the keyboard techniques describe in section
V. Keyboard Techniques. Basically, fields within a form section may be inoved into using the
arrow keys, while each new form section is accessed with the [Tab)] kev. Backward movement
through the form sections may be accomplished with use of [Shift][Tab]. The form sectious are
differentiated by a double-lined boundary. As is the case throughout the DDMS, the status line at
the bottom of the screen provides a short reminder message as to the nature of the contents of each
field. More help may be obtained for each field by pressing the [FI] key.

Once the first subbasin data set is completed, a new data set can be added by using the insert
command [Ctrl][F4]. This will create a new blank "spreadsheet” for the next subbasin data set.
Each new data set or subbasin to be added can be done by use of the insert command [Ctrlj[F4].
When multiple data sets have been created, the other data sets may be accessed by use of the
c[Crtl][Page Up] and. [Crtl][Page.Dn] keys. . Another method to move between data sets is to move
- to the Subbasin Name field in the first form section and activate the lookup menu by typing [Alt]
(to activate the strip menu) and then LT’ for the lookup menu. The [F10] key may alternatively be
used to activate the strip menu. Once the Jookup menu has been selected. a long narrow window
~will appear on the right-hand side of the screen containing a list of the data sets for the Subbasin
Preparation form for the current file family. To move to the desired data set, simply scroll down
the list to the data set you wish to move to and press [Enter].

Calculaticns resulting from input fields will not be performed until either the user moves the active
cursor to another form section by tabbing (or Shift-tabbing), or by saving the file ( [Alt]-File-Save
‘or [Shift][F10] ), or by saving and exiting the file { [Alt][F10] or [Alt]-File-Save and Execute).

Custom [and use types, either different land vse types or different parameters for a default land use
type, may be given for any subbasin data set. To designate a given land use type as a custom land
use simply fill an asterisk ( * ) into the field in the column headed by an asterisk. This will prevent
this line in the data set from automatically being updated from the file family land use table if and
when new default land use parameters are defined and saved into the file family land use table from
the Land Types form. By default, all unmarked lines in the land use section of every data set will
be updated with the new land use table parameters if the land use table is newer than the subbasin
preparation file when the Subbasin Preparation form is loaded. This allows for easy, quick
updating or parameter sensitivity analyses of land use related parameter assumptions, For example,
RTIMP values for any or all land use types could be changed in the Land Types form and saved.

Then the Subbasin Preparation form could be loaded to calculate the new average subbasin RTIMP
values for every subbasin. Next, MCUHP could be loaded which will merge the newly calculated
subbasin RTIMP values into the MCUHP input file. Then by saving and executing MCUHP, new
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subbasin KK blocks will be generated, Finally, the new KK blocks may be merged into the
existing HEC-1 data file by selecting the HEC-1 menu 1tem from the programs menu. Rerun HEC-
1 with these new data and compare the results.

MCUHP1 and MCUHP2

The MCUHP! and MCUHP2 menu items behave quite similarly. Essentially these menu items
load forms which can merge in subbasin data from the subbasin preparation file and create a
properly formatted MCUHP input file. Upon saving and executing the MCUHP form, MCUHP!
or MCUHP?2 is run with the formatted input file to create an HEC-1 skeleton file. When the HEC-1
menu item is subsequently selected, the subbasin KK blocks from the MCUHP created HEC-1
skeleton file are merged into the existing HEC-1 data file (if one already exists). If no HEC-1 data
file exists, the skeleton file is merged with an empty file to create the new HEC-1 data file.

The mechanics of using the MCUHP forms are similar to those of the other DDMS forms. Fields
in the form sections may be filled in and moved through using the arrow keys. The user may move
between form sections by use of the [Tab] and {Shift][Tab] keys. Help is available in both the-
status line at the bottom of the screen with additional help found through use of the [F1] key.

The MCUHP forms consist of two sections. The first section defines the design storm information,
while the second section consists of multiple data sets containing the subbasin parameters to be
used by the selected MCUHP program. When entering the first section field information, the user
does not need to fill out the Storm Size field until the subbasin data sets have been filled into
section two, Since the design storm size is usvally coincident with the total area of all subbasins,
the user may fill in all subbasin data sets first and then refer to the Total Area field in section one to
help decide the area value to be placed in the Storm Size field. The Total Area field is taken as the
sum of all individual subbasin areas from the data sets in section two. Therefore, the Total Area
field is not "correct” until all subbasin data sets have been completed.

The second form section may be completed in a couple of different ways. First, if the user is not
utilizing the Subbasin Preparation portion, input fields may be entered manually. Once the first
data set is complete, use [Ctrl][F4] to insert a new blank second section for the second data set.
Repeat this insert process until all data sets have been entered. Then [Shift][Tab] back to section
one and complete the Storm Size field. Finally, save and execute the form using [Alt][F10] or
[Alt]-File-Save and Execute. The DDMS will then create a properly formatted MCUHP input file
and display a window asking to run MCUHP# < FileFamily. M#l. Answering yes to this prompt
will cause the MCUHP program selected to execute with input taken from the input file created
with the form. During execution, MCUHP will send information to the screen. Once it has
finished running, a message will appear saying "Run completed -- press any key to return to menus
...". Pressing any key will return the user to the Main Menu. Now the user is ready to select the
HEC-1 menu item from the Programs menu.
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The other method of using the MCUHP forms differs in the use of the second form section. If the
Subbasin Preparation form has been used to calculate the subbasin parameters, the user may move
to the Subbasin Name field in section two. Then by activating the Lookup menu, {Alt]-L, a list of
the subbasin data sets available from the Subbasin Preparation file is displayed. Subbasin data sets
that are to be entered into MCUHP can be selected from the menu by scrolling to the desired data
set name and pressing [Enter]. Use the [Enter] key to select the data sets to be entered into
MCUHP. To exit the lookup menu with the selected data sets, use [Alt][F10]. This will cause the
selected data sets to be loaded into the MCUHP form section two. Then all that remains to be
entered by the user in the MCUHP form are the high and low elevations, subbasin length, slope,
and the UA record type or S-Graph type depending on whether MCUHP1 or MCUHP?2 is being
used. The defaunlt loss method is the Green and Ampt method. These parameters will
automatically be filled into section two when the lookup menu is exitted. If the Initial and Uniform
JLoss method is being used, the Loss Method field must be changed from 1 to 2 and the STRTL and
CNSTL values entered manually by the user. If the user wishes to have all .data sets from the
Subbasin Preparation file loaded, actjvate the lookup menu from the Subbasin Name field in the
blank section two and press [F8]. This will exit the lookup menu and cause all subbasin data sets
from the Subbasin Preparation file to be loaded into the MCUHP form.

Once any data sets have been loaded into the MCUHP form, the user may move from one data set
to another using the [Crtl][Page Up] and [Ctrl][Page Dn] keys or by entering the Subbasin Name
field in a loaded data set in section two and using the lookup menu. Activating the lookup menu on
the Subbasin Name field in a loaded data set will cause DDMS to display a menu of data sets
already loaded in the MCUHP form.

[f a data set needs to be deleted from the MCUHP form, move to section two to the data set to be
deleted and press [Ctrl}[F3]. This will cause the current data set to be deleted from the MCUHP
form. If a new data set needs to be inserted, move to section two and press [Ctrl}[F4]. This will
cause a blank data set to be inserted. The user may then complete the data set by filling it in
manually, or if the new data set has a corresponding data set in the Subbasin Preparation file, use
the lookup menu on the Subbasin Name field to display data sets that have not yet been loaded into
MCUHP but which do exist in the Subbasin Preparation file.

The order in which data sets appear in the Subbasin Preparatation form or MCUHP form is not
critical but perhaps helpful. The reason the order is not critical is that the subbasin KK blocks
created by MCUHP will be merged into the HEC-1 data file in the order in which the KK blocks
occur in an existing HEC-1 data file. Thus, a "schematic" file may be created and named
FileFamily. DAT containing the KK records and ids matching thosc used in MCUHP. This will
cause the MCUHP output KK blocks to be merged into the HEC-1 .DAT file in the order they
appear in they appear in the HEC-1 data file. However, if no "schematic" is created before the
merge is performed (by selecting the HEC-1 menu item from the Programs menu), the KK blocks
from the MCUHP output file will be merged into the empty HEC-1 data file in the order which they
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occur in the MCUHP output file which is the order they were entered in the MCUHP input form.

NOTE: The insertion of new data sets in the MCUHP forms occurs after the the current data set
from which [Ctrl][F4] was pressed. Therefore, the form does not allow the user to insert a new
subbasin data set as the very first data set. The problem this creates is that for the single storm
option, the precipitation cards for the HEC-1 input file are put into the first subbasin KK block by
MCUHP. To correct this problem the user could insert the new data set anywhere and then move
the KK block manually in the resulting HEC-1 input file along with the precipitation cards. If the
user should desire to insert a new data set as the first data set and avoid the editing of the HEC-1
input file, the user can edit the FileFamily M#]I file inserting a block for the new data set within the
MH#I file. The subbasin data used by MCUHP can then be entered directly into the M#I file or if
the Subbasin Preparation form has already been used to enter data for this new first data set, add the
ID name for the new data set to the "basin name" line in the newly inserted block in the .M#I file
and save. Then return to the Subbasin Preparation form, save it to update its time stamp, and enter
the MCUHP form. This should cause the new data set information to be loaded from the Subbasin
Preparation file into the MCUHP form as the new first data set. After running the MCUHP
program, entry to HEC-1 will perform a new merge and the precipitation cards and new first
subbasin should be in the correct place. Also, the old first subbasin KK block containing the
precipitation cards should be updated with the new KK block from the MCUHP output file which
no longer contains the precipitation cards.

HEC-1

The HEC-l menu item causes the HEC-1 form to be loaded with the HEC-1 data file
(FileFamily. DAT). If the MCUHP output file is newer than the HEC-1 data file, the MCUHP
output file KK blocks will be merged into the HEC-1 data file by matching KK names in the two
files. Duplicate KK block ids will cause all but the first KK block with the duplicated id to be
dropped from the HEC-1 data file. Therefore, the user should follow a convention of unique
naming of KK blocks both for subbasin blocks as well as any other KK blocks in the HEC-1 input
file. In the HEC-1 form, the HEC-1 input may be reviewed to ensure that the merge has taken
place as expected.

The form consists of two sections. The first contains the IDs and job control hines. The second
contains the KK blocks. Each KK block is displayed one at a time much like the data sets in the
Subbasin Preparation or MCUHP forms. Once the form has been loaded and the user is
comfortable that the merge has taken place correctly, the form may be saved and executed. This
will cause a window to appear which asks if the HEC-1 data file should be saved as merged and
whether to start MENUI. Answering yes to this window will save the merged file as
FileFamily DAT and start MENU1 with the input, output and DSS files already defined for the
corrent file family. From MENUI the input file may be edited, run, and displayed as normal in
MENU1. The only exception is that MENU1 selection number 3, Exit to DOS, will return the user
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e ihe DDMS main mmenu.
Rational

The Rational menu item in the Programs menu will cause a form to be loaded into which data is
entered for the FCDMC RATIONAL.EXE program. Again the form serves to facilitate input to the
program and 1n addition to the previous use of RATIONAL.EXE, program input and output may be
saved to a file. The primary limitation in the DDMS implementation of the RATIONAL. program
is that only one RATIONAL data set may be defined per file family. The Rational forrn may be
navigated similarly to other forms in the DDMS.

Reports

The Reports menu from the DDMS Main Menu contains two categories of reports which may be
generated from DDMS files. One set is for input summary reports and the other provides reports
from HEC-1 output. In order for the output reports to function properly, HEC-1 must have been
run at cutput level 3. Each report menu item when selected will open a form which will load data
from the appropriate input or output file and display that information in the form. The user may
either review the data in the form or save and execute the form which will cause an ASCII report
file to be generated. These report files may then be viewed or printed from the DDMS or loaded
into the user’s favorite word processor to be included in their flood hydrology study report.

Input Summaries

Selecting the Input Summaries menu item activates a submenu which contains various reports
which may be generated from the Subbasin Preparation and MCUHP input files,

Subbasin Summary
The Subbasin Summary report produces an ASCII file which contains a report for each subbasin of

the data entered in the Subbasin Preparation form. The report format is similar to that produced by
the previously available FCDMC Loss Parameter Spreadsheet,
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MCUHP1 Summary

The MCUHP1 Summary report produces an ASCII file which contains a columnar summuary of the
subbasin names, areas, loss parameters, and calcvlated Tc and R parameters for the Clark Unit
Hydrograph method.

MCUHP2 Summary

The MCUHP2 Summary report produces an ASCII file which contatns a columnar summary of the
subbasin natmes, areas, loss parameters, and subbasin lag time.

MCUHP?2 Lag Time Summary

The MCUHP2 Lag Time Summary report produces an ASCII file which contains a columnar
summary of the subbasin names, S-Graph type, length, Lca, Kn, slope, and lag times for each
subbasin entered in the MCUHP2 form.

Output Extract

The Output Extract reports work just like the Input Summaries except that the reports are taken
from the HEC-1 output file. Again, the reports assume that HEC-1 has been run with output level 3
defined on the IO record.

Discharge Report

The discharge report produces an ASCII file which contains a columnar summary of KK names,
rainfall, losses, rainfall excess, peak discharge, time to peak discharge, volume of runoff, and area.
The default file extension for the discharge report is .DIS.

JD Discharge Report

The JD discharge report produces an ASCII file containing a summary of discharge and related
results for an HEC-1 run using the JD multiple storm option. The default file extension for the JD
discharge report 1s .JD.

Unit Hydrograph Volume Report

The unit hydrograph volume report produces an ASCII file which contains a columnar summary of
subbasin names and unit hydrograph volumes from HEC-1 output files which have used MCUHP2
to generate UI records for unit hydrographs, The default file extension for the unit hydrograph
volume report 1s .RUV.
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Unit Hydrograph Report

The unit hydrograph report produces an ASCH file which contains a summary of subbasin names
and unit hydrograph volumes as well as the UI records used as the unit hydrographs for each
subbasin. Like the unit hydrograph volume report, the HEC-1 output files must have used
MCUHP2 to generate the Ul records for unit hydrographs. The default file extension for the unit
hydrograph report is RUL

Kinematic Wave Stream Routing Report

The Kinematic wave stream routing report produces an ASCII file which contains a-summary of
Kinematic wave routing parameters used in channel routings in a level 3 HEC-1 output file. The
default file extension is . RKW.

Storage Routing Reports

The storage routing reports produce ASCII files which contain summaries of the various storage
routings used in a level 3 HEC-1 output file. The form will create separate report files for four
different types of storage routings. One, storage reservoir routings using SV records (default file
extension .RTS); two, storage reservoir routings using SA and SE records (default file extension
.SAE); three, storage reservoir routings using the spillway option (default file extension .SPL); and
four, Normal Depth channel storage routings (default file extension RND). Upon saving and
executing this report form, the program will ask the user whether each of the four files should be
written out. Use the summary of the number of KK blocks found containing each of the various
report types in the first form section as a guide to deciding which files to write.

Muskingum-Cunge Reports

The Muskingum-Cunge reports produce ASCII files which contain summaries of the routing
parameters used in the channel routings using the Muskingum-Cunge routing method. The form
will create separate report files for Muskingum-Cunge routings using the RD record alone and
those using the RC, RX, RY option. The default file extension for the RD only report is .RMC
while the file extension for the RC, RX, RY option is .RMD.

Diversion Report

The diversion report produces an ASCII file which contains a summary of diversions in a level 3
HEC-1 output file. The default file extension for the diversion report is .RDV.
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Hydrograph Combination Report

The hydrograph combination report produces an ASCII file which contains a columnar summary of
hydrograph combination KK ids, number of hydrographs combined, peak discharge, time to peak
discharge, volume of runoff, and area. The default file extension for the hydrograph combination
report is RHC,

Clark Subbasin Report

The Clark Subbasin report generates a report for each subbasin using the Clark Unit Hydrograph
method. The report contains Tc and R and the UA array for each subbasin using the Clark method
in the HEC-1 output file. The default file extension for the Clark subbasin report is .RCK.

Rational Report

The Rational Report menu item opens a form which when saved and executed produces an ASCI
report file summarizing the input and output from a rational analysis for the current file family.
The default file extension for the Rational Report generated by this form is RTR, ~

Ttilities

The Utilities menu provides access to several commonly used programs whichi can be used in
conjuction with the DDMS to improve its overall use.

Editor

The Editor menu item provides access to the editor defined under the Options menu as the default
editor. As shipped, the Editor menu item uses the DOS editor EDIT. When the Editor menu item
is selected, a form is loaded into which the filenanie of the file to be edited should be entered. A
lookup menu is also accessable by use of the [Alt]-L keys. The lookup menu allows the user to
select the file to be edited from the menu. Exiting from the DOS editor returns the user to the main
menu.

CoEditor

The CoEditor menu item behaves similarly to the Editor menu item except that the U.S. Army
Corps of Engineers’ CoEditor is invoked rather than the DOS editor once the file to be edited has
been defined by the user.

List File
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The List File menv item works like the other Utilities menu items except that the LIST.COM
program is used to open up the selected file for viewing. The LIST.COM program is the same
program used by MENU in its display option number 4.

Print

The Print menu item asks for a file to be printed which can be looked up using the lookup menu to
select the file to be printed. Once the file is defined, the Print menu item sends the selected file to
the port defined in the Options form using the print command aiso defined in the Options form. By
default the DDMS uses the DOS PRINT command and sends the file to LPT1.

Family
About File Families

. The File Family concept is an important concept used by the DDMS in managing the files
~ generated by the various forms. It is important that the user of the DDMS understands the idea of
File Families to take greatest advantage of the DDMS. The File Family refers to the name given to
all files related to a given set of analyses using the DDMS. The File Family name is used as the
first part of the DOS filename given to every file generated with the DDMS while the current File
- Family remains the same. The files associated with the various DDMS functions are differentiated
by the DOS file extensions assigned by the DDMS forms. For example, if a new file family is
named STUDY1, then every file generated by the DDMS while this file family is the current file
family (which is always displayed in the top status line of the DDMS) will be given the name
STUDY l.extension where the extension provides the unique filename identifier. Therefore, the
PREFRE input and output files will becomne STUDY!.PFI and STUDY1.PFO respectively.
Likewise, the Subbasin Preparation file is called STUDY!.SUB and the MCUHP] files
STUDY [.MI1I and STUDY1.MI1O, and so forth. Report file names are assigned similarly
differentiated only by the file extension. This tile naming convention using the File Family concept
allows the File Family Copy, Delete, Archive, etc. functions to find all the files associated with the
current file family very easily and neatly. This also allows the user to easily identify files
associated with a given analysis.

Caution should be taken however when examining various storm or parameter assumptions and
rerunning various portions of the analysis. An example would be when the hydrologist wishes to
compare the results of the 6-hour storm with the 24-hour storm. If the storm information in
MCUHP is modified and rerun without changing the file family name, the files associated with the
first storm will be overwritten. To avoid this mistake, usc the File Family Copy command to copy
all the files to a new file family name and then perform the analysis using the new design storm
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information. Then the two sets of output files or report files can be compared without the danger of
overwriting files the user intended to keep.. Prudent use of the File Family naming convention and
a little forethought can prevent unwanted rework. However, the ease with which the DDMS allows
for these types of changes also means inadvertant mistakes can be quickly and easily performed.

New

The New File Family menu item establishes a new file family. When selected, a form will appear
where the user should fill in the name of the new file family to establish. Saving and executing the
form with the new file family name creates a default land use table for the new file family
(FileFamily.LDF) and changes the status line to show the new file family as the current file family.
Single field forms like the New Family form may be saved and executed by use of the [Enter] key
alone. The Options form is also updated to reflect the change to a new file family. The new file
family may be created in a directory other than the current working directory. If the new file family
is created in a directory other than the current working directory, the current working directory will
also be changed. However, the directory must exist first for this to work.

Move to

The Move to menu item allows the user to move to an existing file family from the current (or
blank) file family. The lookup menu may be used to select a file from the file family to be moved
to. File extensions will be ignored using this selection process. Again since the Move to form is a
single field form, saving and executing may be accomplished by use of the [Enter] key or by use of
[Alt][F10].

Move

The Move menu item performs a renaming of the current file family to a new family name (and
working directory if so specified). Since this form is a multiple field form, saving and executing
the form must be performed using [Alt]-File-Save and Execute or [Alt][F10]. Saving and executing
the Move form will cause the DDMS to copy the current file family to the newly specified file
family name and delete the current file family. In addition, the DDMS will change the current file
family to be the newly defined file family.

Copy

The Copy menu item does just that. It makes a copy of the current file family to the newly
specified file family name and changes the current file family to the new file family name.

Delete

The Delete menu item can be used to delete an entire file family or just certain specified files within
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the file ramily. The lookup menu can be used to select a file from the file family to be deleted.

Pressing [Enter] will activate another menu window from which the files to be deleted can be
selected in a manner sirnilar to the multipie selection menus used in the Subbasin Preparation and
MCUHP forms. When this second menu appears all files beginning with the file family name will
e listed and highlighted. If all highlighted files are to be deleted, saving and executing the form
will catse the delete to be performed. If certain files are not to be deleted, scroil down to those files
one 4l a time and press [Enter| to unselect them from the list of files to be deleted. Saving and
executing will then delete only the highltighted files.

Archive

The File Family Archive menu item, by default, assumes the use of the PKZIP utility to compress
all current file family files into one zip file called FileFamily.ZIP (or whatever extension is defined
as the archive extension in the Options form. The archive menu item creates the archive file but
does not delete the uncompressed files. To delete the uncompressed copies use the File Family
Delete menu item.  The ZIP file will not be deleted using the Delete function unless it is
specifically highlighted in the delete list. By default the .ZIP file will not automatically be
highlighted. However, if the default archive file extension is changed in the Options form, the .ZIP
files will be highlighted automatically but files ending with the archive extension defined in the
Options form will not automatically be highlighted.

If a compression utility other than PKZIP is to be used, the FAMARCH.FRM ASCII file in the
control directory (CAHECEXENMCONTROL by default) must be changed. The COMMAND line
must be altered to contain the new compression utility to be used along with the proper syntax for
the use of the new command. The existing COMMAND line may be used as a guide.

Retrieve

The File Family Retrieve menu item, by default, uncompresses an archive file using the PKUNZIP
ntifity. Upon finishing the uncompression, the DIDMS returns the user to the main menu with the
uncompressed file family as the current file family. Use of an uncompression utility other than
PKUNZIP will require a change to the COMMAND line in the FAMRETR.FRM similar to the
change needed for the archive form.
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Options
The Options menu item contains only one subrhenu iteim, Change Control Parameters.
Change Control Parameters

The Change Control Parameters form, sometimes referred to elsewhere in this document simply as
the Options form, contains the definitions which control many DDMS functions and display
appearances. The fields in the Change Control Parameters form all have additional help which
explains the purpose and use of each of the fields. The current file family may be changed from
this form. Changing the current file family in this form is equivalent to the Move to function on the
Family menu. The Change Control Parameters form also contains fields for changing the control
directory and for providing an. alternate control directory. The control directory will only need to
be changed if the DDMS js installed to a drive and/or directory different than
CAHECEXEMCONTROL. The altemate control directory may be used to store customized menus,
forms, or other default files. The colors used for any of the various menus and forms may be
changed in the Change Control Parameters form as well. The list of possible colors for each
display type field may be accessed by use of the lookup menu or by toggling through the list using
the [Page Up] and [Page Dnj keys. Color combinations which cause text not to be seen etc. are not
allowed. The DDMS will prompt the user with an appropriate error should the user select an
unallowable color combination. Finally, the Change Control Parameters form contains fields which
define the defanlt strings for use in the Editor, Print, and Archive functions discussed elsewhere.

Help

The Help menu item provides access to a list of help topics which discuss the use of various DDMS
functions. To access the list simply select the help menu, then select the Help Index.

Help Index

The Help Index is a list of help topics available in the DDMS. These are in addition to the field
help for each field in every form. To view a help topic simply scroll to the help item of interest and
press [Enter].
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Exii
The roain menp Exit itern provides two types of exiting from the DDMS.
Quit

The Quit menu item quits the DDMS aitogether and returns the user to the startup directory in
DOS.

Exit to DOS

The Exit to DOS menu item dumps the user out 10 DOS to perform any DOS functions desired. To
return to the DDMS type EXIT and [Enter] from the DOS prompt.

VIH.  Error Messages

: The DIMS will display error messages in red boxes. Most of these errors are self explanatory and
..relate to form data entry niistakes or omissions. Press [Esc] to clear any error message. If the error
is @ data entry problem the DDMS should return the user to the offending field. One common error
‘message the user will see is the "No control file found. Use default. CAHECEXE\DDMS.CTL".
This message simply means that the startup directory does not already contain a DDMS.CTL
control file. The program then copies the default control file into the startup directory.

-IX.  Whoto Call
If the user should encounter problems associated with the use of the DDMS or should the user have

any constructive suggestions, please contact Ted Lehman at the Flood Control District of Maricopa
County, 506 - 1501, 506 - 4601 FAX, 2801 W, Durango Street, Phoenix, AZ §5009,
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X. Sample Problems

The following sample problems are provided to help get the new user of DDMS up to speed more
quickly. The sample problems follow the procedure outlined in the accompanying flow chart. The
figure to the right is a representation
of the watershed(s) used in the
sample problems. Subbasin 4 is
used in Sample Problems #3 and
#4.

Sample Problem #1
1) From DOS create a new
directory in which to run the
sample problem.
2) Change to the new directory Not to scale

and start DDMS by typing

DDMS from the DOS
promipt.

3) Define a new file family by using the arrow keys to move over to the Family menu item or
by pressing the letter ‘a’. Once the Family menu is activated use the arrow keys to move
down to New Family and press [Enter] or press the letter N’ to select the New Family menu
item. A new "window" should appear into which the user should type in the name of the
new file family, say SAMPLEI. Press enter to create the new file family or alternately use
[Alt-F10}.

4) Next, select the Programs menu item from the main menu by using the arrow keys to move
over (o it or pressing the letter P".

5) Select the PREFRE menu item from the Programs menu by using the arrow keys to move
down to the PREFRE line and pressing [Enter] or pressing the letter P’. A new empty form
will appear for entry of the input data necessary for PREFRE. Complete the form with the
following point rainfall data. Use the [Tab] and [Shift-Tab] to move from one form section
to the next. For help on any given field refer to the status line at the bottom of the screen or
press [F(] for more help.

»
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Point rainfall data for PREFRE for Sample Problem #1

Frequency 6-hour 24-hour
2-year 1.4 34
100-year 3.4 4.2

Once the form has been filled out, save and execute PREFRE by pressing [Alt-F10] or Alt-
File-Save and Execute. DDMS will return the user to the PREFRE form to review the
output which is displayed in the third form section. If the program appears to have executed
successfully, quit the PREFRE form by pressing [Esc], [Cirl-F10], or Alt-File-Quit.

Next select the Land Types menu item from the Programs menu. This will cause the
defanlt land use table to be displayed. At this point the user could modify the land use
defauolts as desired for the study being undertaken. However, for the purposes of this
sample, simply save and execute the form without making any changes.

Select the Subbasin Preparation menu item from the Programs menu. Use the following
data to complete the form, Once the first subbasin data has been entered, press {(Ctrl-F4] to
insert a blank form for entry of the second subbasin data set. Repeat for the third subbasin.
Once the data for all three subbasins has been entered, save and execute the Subbasin
Preparation form by pressing [Alt-F10] or Alt-File-Save and Execute.

Special points to be noted in the data entry process: First, remember that the ability of
DDMS to transfer data from one program file to the next depends on the subbasin ID.
Therefore, chose a format (such as all caps) to ensure proper data transfer. Second, toggle
and lookup menus have been added to many fields to facilitate the data entry process.
Fields with available toggle or lookup menus should be labelled as such in the status line
shown at the bottom of the screen when the field is active (i.e. the cursor is located in the
field). Toggle menus can be toggled through by using the [PageUp] and [PageDn] keys.
Finally, to move from one subbasin data set to another use [Ctrl-PageUp] and [Ctl-
PageDn].
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Subbasin Preparation Data for Sample Problem #1
Soil Data
Soil Survey = Aguila/Carefree
SUBI SUB2 SUB3
Map Unit Arca(mi') | Map Unit Area(mi) | Map Unit Atea (mi")
3 0.443 94 0.357 73 0.064
62 0.346 73 0.056 62 - 0.038 |
73 0.227 17 0.054 7 0.018
109 0.186 33 0.032
38 0.086 62 0.001
94 0.023
17 0.019
Percent Effectiveness for Rock Outcrop = 50 %
Land Use Data
] and Use Type | Area(mi) | Land Use Type | Area(mi) | Land UseType | Area (mi’)
Desert 1.33 Desert 0.5 LL.D.R. 0.114
Commercial | 0.006

8) Select MCUHPI from the Programs menu. The first field is optional but may be used to
enter some helpful descriptive information. This information is written to an ID record in
the HEC-1 data file.

Mave to the second field and select the single storm option (1).

Skip the storm size field and move to the storm duration field. The storm size can be filled
in later once the subbasin data has been entered. For the purposes of Sample Problem #1,
select the 6-hour storm duration (1). This can be accomplished by typing a 1 into the field
or by use of the toggle menu using the [PageUp] and [PageDn] keys.

frisons e b
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Move to the point rainfall depth field. ijse the lookup menu to select the 100-year 6-hour
point rainfall depfh. To accomplish this press Ali-L. to activate the lookup menu. Then
ariow across to the 100-year depth and press enter to place this value into the MCUHP1
form field.

Tab to the second forin section, Once in the subbasin name field, activate the lookup menu
with Alt-L. A small menu should appear containing the names of the subbasins entered into
the Subbasin Preparation form (i.e. for Sample Problem #1 the subbasin names in the menu
should be SUB1, SUB2, and SUB3). Press F8 to load the data from all subbasins into the
MCUHP form. Alternately, each subbasin name may be selected (it will become
highlighted) by pressing the [Enter] key on each subbasin name and then use [Alt-F10] to
exit the lookup menu and load the selected subbasin data sets into the MCUHP form. The
pertinent data from the Subbasin Preparation file should now be loaded into the MCUHP1
form. This may be checked by scrolling through the subbasin data sets using the [Ctrl-
PageUp] and [Ctrl-PageDn] keys. Also the counter at the bottom left corner of the second
form section shonld read "Set # of 3" where # 1s the number of the data set currently active.
. This # should change as the user scrolls between data sets.

- .Complete the remaining fields in the second form section for each subbasin data set using
the following data.

Additional Subbasin Data for MCUHP1
SUBI SUB2 SUR3
High Elev. 1250 ft 1350 ft 1050 ft
Low Elev. 1000 ft 1000 ft 900 ft
Length 2.37 miles 1.7 miles 0,76 miles
UA 2 2 1

Once these data have been entered, [Shift-Tab] back to section one and move to the storm
size field. Consult the Total Area field to select the storm size. The storm size field takes
the area to the nearest square mile. The user may enter a decimal value, but it will be
rounded to the nearest whole square mile.

When all data have been entered, save and execute the form. If all required data has not
been entered DDMS should give a red error message stating that some required data has not
been entered. DDMS will then retumn the user to the missing field. Complete the missing
field and save and execute again. A small "window" should appear at the bottom of the
screen asking if it is okay to run MCUHPI < FileFamily. M11.  Answer yes to this prompt
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to run MCUHP1 using an input file created from the data entered into the MCUHP1 form.

MCUHP1 will then echo some information to the screen as it runs. Once it has completed,
a line will appear asking the user to press any key to continue. Doing so will return the user
to DDMS.

Select HEC-1 from the Programs menu. This will cause the MCUHP1 output file to be
merged with the HEC-1 data file (if one already exists). In this case. no HEC-1 data file
exists, so the MCUHP1 output file is merged into an empty HEC-1 data file. The HEC-1
data file may be reviewed in the form to confirm that MCUHP ran correctly and that the
merge was performed as expected. The HEC-1 form consists of two sections. The first
section contains the ID records and the IT and IO records along with any comment lines
added to the file. To enter the second section use the [Tab] key. In the second section each
HEC-1 KK block is treated as a data set. To move between data sets in the second section
use the [Ctrl-PageUp] and [Ctrl-PageDn] keys.

To save the merge and start MENUI, save and execute the HEC-1 form using [Alt-F10] or
Alt-File-Save and Execute. Another small "window" should appear asking if it is okay to
run MENUL. Answering yes to this prompt will start MENU1 with the FileFamily. DAT
file already selected as the input file.

Once in MENUI, select option 2 (Create or edit input file). For the purposes of Sample
Problem #1 change the output level to level 3 and add the following routing and
combination data to the input file. The *DIAGRAM option may also be added to provide
an HEC-1 created diagram of the model if desired.

Combine runoff hydrographs for subbasins SUB1 and SUB2.

KX HC2
KM COMBINE HYDROGRAPHS FRCM SUEl AND SUB2
HC 2 '

Route the combined hydrographs

KK R2-3

KM ROUTE HYDROGRAPH HC2 THROUGH SUB3

RS 1 FLOW -1

RC 0.03C 0.015 0.030 4000 0.0373

RX 0 0 10 19 40 40 50 50
RY 5 1 .5 0 0 .5 1 5

TR Ry 2 e B e S e e e e S e e e e e

S s




DIMS User's Guide

Combine the routed hydrograph from R2-3 with the runoif hydrograph from SUB3

KK HC3
KM CCMBINE HYDROGRAPH RZ-~2 WITH RUNQFF HYDROGRAFH FROM SUBZ
HC 2

Route the combine flow through the fcllowing reservoir.

K RR3

¥M RESERVCIR ROUTING

RS 1 STTOR G

SA 4] i0 36 50 73 98
SE 500 202 804 965 305 807
S0 0 0 0 50 150 350

Once these changes and additions have been made save the file and ron HEC-1. When
HEC-1 has finished running successfully, exit MENUI to retum to DDMS.

~11)  Select the Qutput Extracts menu item from the Reports menu -on the main menu. Select
+ -the Discharge report from the Output Extracts submenu. A form will load with data
retrieved from the HEC-1 level three output file. Save and execute the report form to
create the ASCII report file. DDMS will then return the user to the main menu.

12} To view the report file created, select List File from the Utilities menu. The List File
menu item uses the LIST.COM program used by MENUI to view files. In the "window"
that opens, use the lookup menu to see a list of file family files for Sample Problem #1.
Scroll down to the FileFamily. DIS file, press [Enter] to select this file. Then press
[Enter] again to view the file. Another small "window" will appear asking if the user
really wants to view the selected file. Answer yes to view the report file.

13)  Experiment with other reports as desired.

Sample Problem #2

Sample Problem #2 modifies Sample Problem #1 to demonstrate the quick, simple manner in
which a file family can be modified and the effects of the changes can be implemented and
evaluated.

L) Copy the Sample Problem #] file family to a new file family name using the Copy
function on the Family menu. To accomplish this properly, start with Sample Problem #1
as the current file family. Select the family Copy function from the Family menu. A
window will appear containing two lines.” The first should contain the path and file
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family name for Sample Problem #1. In the second line enter a new file family name for
Sample Problem #2 (such as SAMPLE2). To perform the copy, save and execute the
form using [Alt-F10]). DDMS will perform a DOS copy command of the first file family
(e.2. SAMPLEL.*) to the second file family name {e.g. SAMPLE2.*). Once the copy is
complete, the user will be returned to the DDMS main menu with the newly defined file
family as the new current file family.

Select LLand Types from the Programs menu. Change the DTHETA condition for the
Desert and OPEN land use categories from NORMAL to DRY. This may be most easily
accomplished using the toggle menu (i.e. [PageUp] and [PageDn]). Also change the
RTIMP value for the Commercial category from 80 to 85 percent. Save and execute the
file to record these changes into the Sample Problem #2 land use table.

Select Subbasin Preparation from the Programs menu. This will merge the new land use
table with the changed DTHETA and RTIMP values into the existing subbasin data sets
and recalculate the subbasin average parameters. The merge and recalculation may be
verified by looking through the land use section of the form for each data set. Save and
execute the form to record the new values.

Select MCUHRP! from the Programs menu. This will merge the new data from the
Subbasin Preparation file into the MCUHP1 form. Again the merge may be verified by
looking at the subbasin data set information displayed in the form. Save and execute the
MCUHP1 form and run MCUHP1 (ie. answer yes to the prompt in the blue window
asking if it is okay to execute MCUHP1 « SAMPLE2.MI1I).

Upon returning to DDMS, select HEC-1 from the Programs menu. This will merge the
new subbasin KK blocks from the new MCUHP1 output file into the existing HEC-1 data
file. Confirm the success of the merge in the HEC-1 form. The new subbasin KK blocks
from the MCUHP1 output file should have replaced the old blocks from SAMPLE]L. The
asterisk line preceeding each subbasin KK block should now read "Updated”. The
routing and combination blocks should remain unaffected. The asterisk lines preceeding
these KK blocks should read "Preserved"”. Save and execute the HEC-1 form and run
MENTUL1.

Once in MENUI run the newly updated HEC-1 file and return to DDMS.
Run the Discharge Report from the Output Extracts submenu of the Reports menu.

List the new discharge report (SAMPLE2.DIS) and compare with the Sample Problem #1
results.
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Sasapie Problem #3

Semple Problem #3 dermonstrates how a new subbasin cata set miay be addad to an existing file
fairdly to create a new HEC-1 model. For the purposes of this example, this new model will be
put iogether as a new file family. However, the same process could be applied to modify an
existing file farnily without creating a new file family. This sample problem will also
dernonstrate how to ensure that the new subbasin can be placed info the desired location in the
HEC- T data file independent of the order in which the data sets occur in the Subbasin Preparation
file or MCUHP file.

1

g Copy the Sample Problem #2 file family to a new file family name {such as SAMPLE3).

2) Select Subbasin Preparation from the Programs menu. Once the form has loaded, use
ICrtl-F4] to insert a space for the new subbasin. At this point it is not required that the
insert be performed in the logical place where the new subbasin belongs. However, the
user may chose to insert the new subbasin in its "correct" place for other reasons (such as
the preservation of the numerical order of the basins in the Subbasin Preparation file or
the MCTJHP file}. For the purposes of this example the new subbasin will logically occur
after the reservoir routing and will be called SUB4. However, in order to demonstrate the
capablilities of the DDMS merge functions, insert the new subbasin in the Subbasin
Preparation form from the data set for SUBI.

Complete the new subbasin data set with the following information.
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Subbasin Preparation Data for Sample Problem #3

Soil Data

Soil Survey = Agnila/Carefree

SUB4
Map Unit Area (mi’)
32 0.128
68 0.146
87 ' 0.236

Percent Effectiveness for Rock Outcrop = 50 %

Land Use Data

Land Use Type Area (mi’)

Desert 0.51

Save and execute the Subbasin Preparation form to save the newly added data set into the
Subbasin Preparation file.

Select the CoEditor from the Utilities menu. In the file to edit field enter
SAMPLE3.DAT. Inthe CoEditor, go to the end of the file. Insert a line immediately
prior to the ZZ record. On this line add "KK SUB4" where the string SUB4 starts in the
fifth column (i.e. so that is aligned as it would be if the user tabbed to the first field on the
KK line in the CoEditor in MENU1)., The placement of this line in this position in the
HEC-1 data file will cause the data set KK block for SUB4 to be loaded in this location.
Save the file and return to DDMS. :

Select MCUHP1 from the Programs menu. Tab to the second form section. Again to
demonstrate the independence of location in the merge capability, [Crtl-PageDn] to the
second data set and insert a space for the new data set using [Ctrl-F4]}. Once the blank
space has been inserted, use the lookup menu on the subbasin name field to display the
data sets in the Subbasin Preparation file which have not yet been added to the MCUHP
file. The lookup menu should contain SUB4. To load the data for SUB4 into the
MCUHP1 form press [Enter] to select the data set and then [ Alt-F10] to exit the lookup
menu and perform the load.
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Complete the data set for SUB4 with the following data.

| fiddll‘f)ndl Subbasin MCUHP1 Dd{u for SUB4
SUB4
High Elev. 925 ft
Low Elev. 800 ft
Length 0.68 miles
UA 2

Once these data have been added to the data set for SUB4, [Shift-Tab] to the first form
section and modify the storm size field based on the new total area.

Save and execute MCUHPI.

Select HEC-1 from the Progranis menu. This will cause the MCUHPI output file to be
merged with the existing HEC-1 data file. In order for the merge to occur the MCUHP
output file must be newer than the HEC-1 data file, If the HEC-1 file is newer than the
MCUHP file then no merge is performed. This would be the case if the addition of the
new KK line to the HEC-1 data file had been performed after step 4. If this should occur,
simply rerun MCUHP to create an output file newer than the HEC-1 data file. Verify that
the KK block for SUB4 has been added as the last data set. Save and execute the HEC-1
form and run MENU1.

Once in MENUI, edit the input file to add the following KK block to combine the runoff
frorn SUB4 with the outflow from RR3.

KK HC4
KM COMBINE RUNOFF FROM SUBBASIN 4 WITH ROUTED RESERVOIR OUTFLOW
HC 2

Save the file, run HEC-1, and return to DDMS,

Run the Discharge Report to see the effects of the addition of SUB4 to the model.

R T I f o e A S A S B i A D AR ) S e T D R R

arary 1, 1995 133



DDMS User’s Guide

Sample Problem #4

Sample Problem #4 demonstrates the ease with which difierent rainfall durations can be
exantined with DDMS.

1) Copy the file family for Sample Problem #3 to a new file family name (such as
SAMPLE4).
2) Select MCUHP1 from the Programs menu. In the first form section move to the storm

duration field. Change this field to select the 24-hour storm (3} and press [Enter]. Notice
how the areal reduction factor has been filled in automatically based on the storm size
field. Next move to the storm depth field. Use the lookup menu to select the 100-year
24-hour storm depth. Once the 24-hour depth has been selected and the lookup menu
exitted, save and execute MCUHP1.

3) Select HEC-1 from the Programs menu. Verify the merge then save and execute the
HEC-1 form and run MENU!L. Run HEC-1 and retum to DDMS.

4) Run the Discharge report and compare the results to the 6-hour storm (e.g.
SAMPLE3.DIS).
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XII.  Fortran Programs:MCUHP1 and MCUHP2

Maricopa County Unit Hydrograph Procedures 1 and 2, Programs MCUHP1 and MCUHP?2,
were developed to facilitate the use of the methodologies outlined in the Drainage Design
Manual for Maricopa County, Volume I, Hydrology. They are provided along with the Drainage
Design Menu System (DDMS). However, it is not required that they be run exclusively in
conjunction with the DDMS. Both MCUHPI1 and MCUHP2 may be run independently from the
DDMS by typing MCUHP1 or MCUHP2 from the DOS prompt. Both programs are installed by
the DDMS installation program into the CAHECEXE directory by default.

MCUHP1 provides the necessary parameters for the Clark Unit Hydrograph option of HEC-1.
These parameters include time of concentration, Tc, and the storage coefficient, R. In addition,
the program also provides a rainfall distribution pattern. MCUHP1 will provide all of the
required information in the form of a HEC-1 input file for immediate application.

MCUHP2 provides the required parameters when working with the S-graph techniques as
outlined in this manual. MCUHP2 develops the necessary basin unit graph from the indicated
S-graph. It will also provide the required rainfall distribution pattern. All calculations will be
provided in the form of a HEC-1 input file for immediate application. MCUHP2 has been
revised for the October 1, 1994 Manual to include the two new S-graphs, Desert/Rangeland and
Agricultural, as S-graph choices in the program.

Both MCUHP1 and MCUHP?2 contain corrected temporal distributions for the SCS Type II 24-
hour design storm. Also, the programs write this distribution to the HEC-1 input file as {5
minute distributions rather than the 30 minute increment used in the earlier versions of MCUHP1
and MCUHP2.

The user is encouraged to read the Drainage Design Manual, Volume I, Hydrology before using
these programs. Follow these directions to run MCUHP1 and MCUHP2 independent from
DDMS:

. If using the Clark Unit Hydrograph method, type MCUHPI. If using the S-graph
method, type MCUHP2. Respond to each prompt with the appropriate information.
Remember that in either case, a HEC-1 file will be built for your immediate use.

. The constructed input file can be viewed or edited as desired like any other HEC-1 file.
All you need to do is to go to your MENU1 of HEC-1 and recall your input file.

T
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LSER MANUAL FOR FROGRAM PREFRE

COMPUTATION OF PRECIFPITATION FREQUENCY-DURATION
YALUES 1M THE WESTERK UNMITED STATES

1. Introduction.

The PREFRE computer progrom was wiitten to compute the
precipitotion frequency values [or eoch of 10 durations and Jor
anch ot 7 retucn periods. Thing document describes how to prepare
the ilnput dato, how to execute the progromy, and gives on esxample
of the owutput.

The PREFRE program compuies freguency values for G-, 10-, 15-,
and I0-minute and 1-, 22—, 3=, &—y 12-, ond ZL-hour durations for
return pericds of 2, 5, Lo, 25, 54, 1lod, and 500 yecors for areas
in the 11 western states wond presents the results in tobular
form. It uses s input the precipitation frequency values taken
from the NOAS atles 2 (11 volumes ). The FREFRE program also
duplicotes the volues in Weather Bureau Technical Poper No. 4o
for the six Floins . stotes within the Bureow's area of gperations
not dncluded in the NOAA Atlos 2 volumes.

MOBA Atlas @ reflects the ellects of topography onprecigpitotion
frecquencies, but it contnins isobyestol mops for return perilods of
2y By 1o, 25, 50O, and 1o years but only for é- and 24-hour
durations. For other durations, it i= necessary to use the
nonogroams and gguations included in the ctlas.

Thg womputer progrom woas originolly developed by Mo, Ralph
Fraderick, O0ffice of Hydrology, NWS (Notional Weoather Ssrvice ).
The progrom wag extensively revised to fit Bureow of Reclamotion
needs im 1975 by Mr. . James Mumford of what was then the Flood ond
Eedimentotion Sectien, Engineering ont Research Center. It woe
further revised in 1988 by Mr. Richarod Fddy of the Flood Section
to irmcorporate updoted inoformation for short-durotion values.

The program is written in FORTRAN V for the Bureau's CYBER
moinframe computer. This version hos also been converted to
FIRTRAN 77 fror use with personal computers (IBM compatible).

The tollowing duta are required for the program input file:
. Dite name.

b. Frimary zone number identifying where the gite ig

loucated, obitained from the map included ns oppendix A in
this monual. The zone boundoaries correspond to those Found



in NOAA Stlos 2, but the numbers may e different. 1t 15
melyismobie ta o adentify the localiore of a si1te from lhe zons
map in the atlos volume ond refer to appendix & for the
zone number usad in PREFRE.

€. Zone ruumber fogr short-durotion valuess (oppendixk 8,

d. Site lotitude and longitude {(required for primary zones

I, 2, and Lli; optional for other primary zones).

£ Eite wlevation {required for primar zones 1 2 ang &5
1 1 1

optional For other primory zones).

E. NORE Atlas 2 precipitnotion values (note that fAtlas
values cre in tenths of inches).

(1) Stamdard: Enter the volues of Z-year and 1O0-year
return periods for durations of & hours and 24 Fhoura.

(2) Optiont THe worigicool NWS progrom was designed to
input 12 precipitation fregquency valuss., This forwmot
bz been retained os an opticon. The 2-, 5—~, 10-,

25—y 50, and 100-year values for durotions of &
“hour=s and 24 hours must be used ns ioput for this
option. The progrom uses the six return-period
vilues oard develope o line of best fit to the points
read from the NOAA Atlas 2 mops. It then usss this
line of best fit to recompute the returmn-period
valves and uses thesse computed volues in mll
subszguent computotions.

The input dota formot is presented in oppendixes Cl through 3.
Each field in o line must be separoted from the next field by
either o blank or a comma, and an entry is required Far eqch
field (i.e., enter zeroe=s if latitude, longitude, and elevotion

oie gmitted). Input doto can be all metric, il desired.
2. Hutput Datg.

The site name, zone numbars, and lotitude, longitude, and
elevation (if imcluded in the input deota) are printed az a
heading. A table ie thea given showing the precipitotion volues
for 22—, 5-, 10—, 2-, BO--, 100-, and S00~yaor return periods for
duratiorns of 5y 10, 1%, ond 30 minutes and 1, 2, 3, &, 1y nnd 24
hours., Outpot units ore the zoume o the input unmits. The FPC
vErsion alse printe the input cdaoto for reference. Appendix D1 15 .
a somple ouviput from the CYHER version of FPREFRE. fppendix DZ is
the standord PC output. Appendix D3 is the output when ths site
is in primary zone 7 it prints a note regarding revised depth-
ared valuegs for Arizonn ond New Mexico. Appendis DY 1s the
output when the option to input 12 precipitotion volues is
selected.



“.  Progrom Ex
Exscution of program FREFRE depentds on the computer system being
tissd. Anperndix £ describes the steps of exscution for both the
Fureau of Reclamation CTYRER wmoimframs and the IBM PLC/AT and
compatibles.

Somestimes the site will be very neor the oundary between two
rongs, a situction in which o weighting of calculated frequesncy
voalues among neighboring zones may provide o more nppropriate

N SWeT . In these taoases, 1t coamn be helplul to maoke more than one
Tuny, using the neighboring zone’s volues. Edit the input file ta
chongs the zome numbisr (and other dota as needed) amdt re-run the
pPrTogroam.
Derivatio

B. Meihod_ Lien.

=¥

I'D

The progrom follows provedurss cutlined in NOAA Atlos 2 ton derive
thz precipitotion frequency volues. The Z2-year ond 100-year
input figures for &-hour and 24-hour duralions are uszed to derive
these sume return frequency values for 1-, 2-, and 3J-hour
durotions. The relaticonships among the é&+~hour and 24-hour
,values ond the 1-, 22—, and i-hour values were determined by the
NWS and ore dependent on the zone in which the site is locoted.
Thg lZ-hour volues ore derived by taking the midpoint between the
&-bour and Z4-hour inpout values for the Z2-year and lo0-year
return perinds.  The -, 1o~, 1%-, cnd 30-minute duraction values
for 2-year and 100-vear evernis are deftermingd by mueltiplying the
l-hour volues by o set of foctors. These factors oare dependent
on the short-durotion zone in which the site is locoted. It _i=s
importont_to note_that the short-duration zones ore_different

from_the primory (longer_duratign) zones. The program then
computes the values for the remoining returm periods by fitting
the precipitation volues to o Gumbel distrvibution. The Z-yeor
values for oll durotions are first odjuszted from o portial
durotion series {(input volues) to an opnual series.  Then the b,
L=y @S-y, 50—, and 500-yeur [frequency voalues far all durotions
are coleuloted from their recspective relationship to the 2-year
crc 1O0-year values in a Gumbel distribution. The -y 5—-, ond
lo—year vaolues are then converted bhaock to o partiol duration
series, which coarrespond ta the NOAA Atlas 2 mop values. ALl
output valugs are for point locations.

MOTET  Areal values of precipitation frequency are often needed.
BECHUGE program PREFRE does rmot provide this informalion, 1t is’
necessary to follow the procedures found in the appropriacte NOAA
Qtlua 2 volume. When arsal volues ore reqguired for Arizona and
hew Mexica, use the Informotion found in the 1984 NOAA Technical
Memoearicdum NWYS HYDRO-YD,



Ir was desided in 197% to change *the progroam from the procedure
oraiginally used by the MJIS to a more simplified approoach using
crily the four key precipitotion volues for imput. This allows
for guicker setup of the input dato and focilitates the use of
the program. Ne loses of aoourocy in the colculoted values occurs
as the Z2-year &-hour, Z-year Zb-hour, 10O0~year &-hour, anc 100-
year 24-houe maps are the key mops initiclly derived in the NWS
studies. The mnps in NOAA Atlos 2 fbor return periods of 5y, LU,
22, and 50 years were derived from the Z- ond 100-year maps in
the same moannesr that the PREFRE progioam computes these values,

I the ovriginal program, only one set of notional foctors was
vsed to determine 5-min to 3d0-ain values from 1-hour values.
Fopers by Fredfick ord Miller ond Arkell and Richords presented
sets of factors that depended on the locotion of the site. These
volugs were used for sites west of the 105th meridianm; the old
factors were retoinad For the Ploims stotes =ost of the 105th
mnsrddian.

The 1%7% version of the program allowsd the user teo specify two
zanes in the event that the site wos near o zonal boundary. The
current version does not offer khat option becaouse two types of
zones ( the origingl long-duration zone and the new short-durotion
Zong ) are now required ond major revisions to the progrom would
be required to Goconnodote varicus combincetions of multiple runs,
The only woy to get runs for two adjocent zones is to edit the
input file after the first run (o qguick and simple procedure) and
execute the program ogain.



freeil, R, L., and 17, Rlchoards, "Short Duration Rainfall
Relotione far hthe kwegtern United States,” FPreprint,
Conference on Climote ond Water Manogement-A Criticol Era and
Comfarence or the Consequences of 1'78%’s Climate, August L-7,
1786, Asheville, NG, Amnsr. Meteorol. Soc., Bosten, 1986,

Fredsrickt, R. M., and 2. ~. Miller, "3hort Durotion Rainfinll
Freguency Relatione for Colifornic,” Freprint, Third
Confarance an Hydrometeoralogy, August 2024, 1979, Bogoto,
Comlomlyic, Amegr, Meteorsol. Soc., Boston, 1979.

Yhhaiter, J. F., R, H. Fraderichk, ond R. J. Tracy, "NO6HA Atlas & -
Frecvipitation-Frequency Atlaos of the Western United State,”
1l volumes, Notiomol Weather Service, National Ocoeanic and
Atmospheric Administrotion, Unitesd Stotes Dapartment of
Comumarce, Silver Spring, Moryland, 1773,

wlenr, R. Mo, amd V., AL Myers, "Depth-frea Rotios in the Semi-Arid
Houthwest United Stoates,” NDAA Technical Memoroncum NWS
HYDRO-4O, Dffice of Hydrology, MNaotional Weother Service,
Motionnl Uceanic ond Atmospheric Administrotion, United
Statws Deportment of Commerce, &ilvec Spring, Moaryland,
August LYY,

oy



APPENMDIN A

Frimary zoned, used iy rmoloculote
precipitation For 1 to 2% hr
dqurations. Zong boundalies WTe
jgentical to thuose in NOAA Atlas
5, but one numbecs may diffST.
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APFENDLX 21

INEUT FORMAT -~ FOUR PRECIFITATION VALUES

Lime 1@
Fiegld 1. Title of study or site nome, up to 32 chorocters

Line 2 (fislds separated by blanks ar Commas ):

Field 1. Frimary zone numbert {(appendix A)

Field 2. Ghort-duration zone number (appendix B #
Field 2. Lotitude, degrees and decimals {(or 0)
Field 4. Longiltude, degrees ond decimals (ar Q)
Fiaeld 5. Elevoation {(or 0)

Field &. 0 (number zera)

iLine 3 (fields separoted by blonks or commas )i
Field 1. 2—yr 4--hr precipitation value from MNOAA Atlas 2
Field 2. 1oO—yr &-hr precipitation value
Fisld 3. 2-yr 24-~-hr precipitation value
Field L. LOO-wr 24-hr precipitation volue

Line 4 (optignal s
Field 1. ENDRUN {(olpha choracters)

NOTE:  Actual latitude and lomgitude volues mre revuirecd for
gites in primary zones 3, 9, and 11, and elevaiion dota are
required for sites in primory zones 1, 2, and 4. For other
primary 2aones, enter either zeroes or the loatitude,
longitude, cnd slevation volues. Elgvation may be entered in
meters, 1f precipitation is also metric.

# Short-—-duration zones L2 through 15 are all faor the
Southern Pacific Ceocast. Zone 12 is for sites with elevation
greater than 700 ft. Zone 13 is for sites with elevation
betwesn 500 and 700 ft., Zone 14 is for sites with elewvation
less thon SO0 Fi, Zonnme 15 represents on average of all
2levations within the boundaries of the Southern Parcific

Coast.



Lodrme s
Lire 207
Flelds
Fipld

L.ine 3:
Fawla
Field

il

~ield

il

Filield

Field

Field

Fimid
Figld
Fisld
Fie=ld

T Tl

-

1

i M4
Field

ARPEND IO 02

IREUY FORMAT ~ TWELYE PRECIFITAYION VALUES

seurs 0 for Four precipitation vaiues

)

&

L A

0~ 0~ U1 O O B3 b

T
1.
11.

L&

through % soine s for four precipitotion values

.
2

Z-yr &-hr precipitatiorn value from NOAG Atlas 2
L-yr SH-hr precipitation volue
LG—yr &-hr precipltation value
25y A-hp precipitabtion voloe
SO—-yr &-hr precipittotion valus
LOU—yr &-—=hr precipirtoation value
2~yr Zh4-hrpr precipitetion value
SyE dU-hn precipitation volue
1G-yr Z24W-h1r precipitotion value
2h-yr 2bh—-hr precipitation value
50—yr 2u—ir precipitotion value
10—y Zu-nr precipitoation valus

(aptional )i

1

ERDRUN (alpha charocters)



ARFEND LY 3

SAMPLE INPUT - FRJR PRECIFPTITATLION VALUES

Fields OQUARTZ HILL, COLORADU

separated & 7 3%9.80 105,52 8500 O

by bloanks L.19 2.8% 1.78 L.21
ENDRUN

Fimlds LEADVILLE, COLJORADRD

seporated J 6y 37.27, 106,31, 0,0
by commaos 275y 185, 100, 2,79

ENDRLIN

SAMFLE INPUT - 12 PRECIFITATION VALLIES

EUTCH (NW), COLORGKOND

706 IR.00 LoL o0 L1000 2 ‘

Logie 1,20 2,00 2.25 2.40 2.50 1L.3% 1.75 1.%90 2.260 2.60G 3.30
EWIDRLN

L



APPENDEX DL

SAMELE OQUTPUT - CYBER

REVISED JUKE 1988 TO UFDATE COMPUTATION DF SHORT-DURATION VALUES

PRECIPI1TAYTION FRECUERCY VALUES FOR OUARTZI HILL, COLORADO
PRIMARY ZOMNE MD.s= -] SHORT~-DURATION ZORE HO.= 7
LATLITUDE 39.80H LORGITUDE 10%,.%2V ELEVATION ‘8900¢ FEBET

POINT VALUES
RETURN PERIOD

RURATIDR Z-YR S-YR 10-Yk as-yw S0-TR 100-YR 300-YR
5-MIN + 36 L34 3% 47 %) .99 «73 I-HIN
10-H1NM 40 .33 62 «74 -84 <93 1.16 10-HIN
I5-NIN .48 «66 .79 94 1,07 1.20 1.49 15-KIN
30-NIN -3 =90 1.06 1429 1.47 1.63 2.03 JO-KIiNM
1-HR .78 1.09 1.30 1.59 1.61 3,00 2,54 1-HR
3-HE .92 1.26 1.30 1.82 2.06 2.31 2.889 2-HE
JI~-HR 1.03 1.39 1.6% 1.99 2.35 2.%2 - 3.13 3-HR
&-HER 1.19 1.60 1.087 2.26 2.335 2.83 3.33 &-Hk
L2-HR .49 .98 2.33 2,90 .16 3.53 A.37 12-HR
24-HEK 1,78 2.37 ..78 3.34 3.78 4.21 3.21 24-HE

INFUT DATA

PROJECT NAME-QUARTZI MILL,
SHORT-DURATIOK IONE- 7

TOME- &

LATITUDE= 39,.B0
2-YR, G6-HR FCPH- 1.19
2-YR, 24-HR PCPN~> 1.78

COLORADO

LONGITUDE=« 105,52

100-y%,

100-YR,

ot de gk Ak ko deodoh

A

A

k END OF RUN &%

*

A

AR AdA A AARkARAR

ELEVATION= B900

6-HR PCPN- 2.85

24~-HR PCPN= 4.2l

11



REVISED. JuNE

PRECIPITATION FREQUENCY VALUES FOR QUARTZI HILL,

PRIMARY ZDUNE NUMBER= &
SHORT-DURATION ZONE NUMBER= 7
LATITUDE 3%. 80N LONGTTLIDE

DURATION

S~MIN
10-MIN
15-MIN
3O—-MIN

1-HR
2~HR
3-HR
&-HR
12-HR
24~-HR

fAFFENDT A D

SAMPLIE

##% O U TP UT
1988 TO UPDATE COMPUTATION OF SHURT-DURATION VALUES

2-YR 5-YR
.26 . .34
Lo .53
48 .86
.65 . PO
.78 1.0%
.72 1.26
1.03 1.3%9
1.1% 1.60
1.u49 1.%8
1.78 2.37
INFUT OATA

JUTPUT -

los. 52w

FOINRT VALUES

RETURN FERIDD

1G-YR

-39

.62

.78
1.0&6
1.30
1.50
1.64
1.87
2.32
2.78

PROJECT NWAME=QUARTZ HILL, COLORADD
SHORT-DURATION ZONE= 7

IONE= &
LATITUDE=

39.80

2-YR, &-HR PCPN=
2-YR, 2u-HR PCPN=

x ® O 4

LONGITUDE= 105.52
1.1% 100-YR,
1.78 1Q0-YR,
END OF RUN

25-YR

L7
7
. FU
1.29
1.59
l1.82
1.99
2.26
2.80
3.34

ELEVATIO

&—HR PCPN= 2.8S5

[ I

12

—

FC

DAT AR A4k

COLORADD
ELEVATION
50-~YR 160-¥YR
.53 .59
-84 73
1.07 1.20
i.u7 1.465
.81 2.03
2.06 2.31
2.25 2.52
2.55 2,85
3.16 3.53
3.78 .21
N= a%00

2u-HR PCPN= L.2[

8900 FEET
500-YR
.73 5-MIN
1.16 10-MIN
1.49 15-MIN
2.05 30-MIN
2.5u 1-MR
2.88 2-HR
3.13 A-HR
3.53 6-HR
4.37 12-HR
5.21  2y~HR



AFPERULIY 03

SarFieLE DuTedT - PO (PRIMARY O Z0NE Y

Hedh O U TP UT DAT A #au
REVISED JUME 1988 TO UPDATE COMPUTATION OF EHDRT“DURATIUN VALLIES

PRECIPITATION FREQUENCY VALUES FOR LEADVIILLE, COLORADD

PRIMARY ZUNE NUMHER= 7
SHORT-DUURATION ZONE NUMBER= &
LATITUDE 39.27N LONGITUVE 106.31W ELEVATION 10200 FEET
POINT VALUEE
RETURN PERILOD
DURATION 2-YR 5—-YR 10-YR 25-YR S50-YR 100-YR 500-YR
5-MIN . 20 « 24 . 30 ppclt 41 L5 -56 5-MIN
10-MIN .31 wvul L7 .57 - .71 -88 10-MIN
15—-MIN -37 - B0 .58 70 £ 79 - 88 1.0% 15-MIN
S0-MIN .48 .64 .75 2?1 1,03 1.18 1.43 30-MIN
1-HR .58 .78 - 1.12 1.27 l.L2 1.77 1-HR
2-HR .65 .87 1.03 1.2u4 1,40 1.57 1.7u 2-HR
3--HR - 70 .93 1.0Q%9 1.32 1.4%9 1.6646 2. 06 J-HR
&—~HR A 1.05 1.22 1.47 1,66 1.85 2.29 &—HR
L12-HR .89 1.25 1.49 1.81 2.07 2.32 2. 70 12-HR
24—-HR 1.Q0 1.45 1.75 2.16 2.8 2.7%9 3.52 24 -HR

# IF YOUR SITE IS IN ARIZONA DR NEW MEXICO, PLEASE CONSULT THE
FOLLLOWING PAPER FDR REVISED DEPTH-AREA VALUES:
DEPTH-AREA RATIOUS IN THE SEMI-ARID SOUTHWEST UNITED STATES
NOAA TECHNICAL HMEMORANDUM NWS HYDROD-4i}
ZEHR AND MYERS
AUGUST 1984

INFUT DATA
PROJECT NAME=LEADVILLE, COLDRADRD
Z0NE= 7 SHUORT-DURATION ZOME= &
LATITUDE= 37.27 LONGITUDE= 10&, 310 ELEVATION=IOZ2O00
=¥k, &-HR PCEPN= .79 100-¥YR, &4-HR PLCFN= 1,85
2-YR, 24~HR PCFHN= 1.0Q0 1Od-YR, z2zk-HR FPCPN= Z.7%

® & # # E ND CiF R UN # # % #

13



APPEND LK Dy

SAMPLE OUTPUY - #C (12 FRECLP

s DU TPUT DAT A k#x

VAL IJES )

REVISED JUNE 1788 TO UPDATE CDMPUTATIDN OF SHORT-DURATION VALUES

PRECIPITATION FREQUENCY VALUES FDR KUTCH {NW), COLORADO

FRIMARY ZONE NUMBER= 7
SHORT-DURATION ZONE NUMBER= -]
DPTION NUMBER 2 ~-- INPUT OF 12 PRECIP VALUES
LATITUDE 39. 00N LONGITUDE 104.Q0W ELEVATION
POINT VALUES
RETURN PERIOD
DURATION 2-YR 5-YR 10-YR 25-YR 50-¥YR 100—-YR
S-MIN .29 « B0 L7 57 . &5 .72
10-MIN . U5 bl .73 -89 1.01 1.13
15~-MIN .54 »75 .90 1.0% 1.25 1.k0O
30-MIN .68 77 1.16 1.u42 1.63 1.83
1~HR .82 1.18 1.42 1.75 2.01 2.26
2-HR -71 1.28 1.5 1.87 2.14 2.40
3-HR . 7o 1.34 1.60 1.95 2.22 2.4%
&6—HR 1.06 1.u46 1.73 2.10 2.38 2.467
12-HR 1.17 1.58 1.8¢&6 2.25 £2.56 2.86
3.05 .

2u-HR 1.28 1.71 2,00 2.4l 2.73

# IF YOUR SITE IS IN ARIZONA OR NEW MEXICD;, PLEASE CONSULT THE

FOLLODWING PAPER FOR REVISED OEPTH-AREA VALUES!:

CEPTH-AREA RATIDS IN THE SEMI-ARID SOUTHWEST UNITED STATES

NDARA TECHNICAL MEMORANDUM NWS HYDRO-LO
ZEHR AND MYERS
AUGUST 1984

INPLUT DATA
PRGJECT NAME=KUTCH (NW), COLODRADD
ZONE= 7 SHORT-DURATION ZDONE= &
LATITUDE= 39.00 LONGITUDE= 104,00 ELEVATIDN= &100

12-vaLUE PRECIPITATION OPTION
FRECIPITATIDN VALLIE?

1.04L 1.20
2,00 2,25
2.40 2.50
1.3%9 1.75%
1.790 2.25
2. 60 3.30

4 % ¥ % END oF AUN =2 5 #

]

6100 FEET
500-YR
.90 5-MIN
1.4%41 10-MIN
1.7% 15-MIN
2,30 30-MIN
2,84 1-HR
3.01. Z-HR
3.12 3-HR
3.33 6-HR
3.55 12-HR
3.78  2u-HR



APPENOIR &
EXECLUTTON OF FROGRAM PREFRE

i

e
IS

Tre following steps are used ho exscute prograom PREFRE on the
Suireau of Reclamotion CYBER mainfroame computer:

1. Create an input file, using ony copnvenlient name,
fFoliowing the foprmat prese2nted in appendix C.  This becomes
o peenanent File on the CYBER. Purge it when it is no
longsr needed.

e Enter OLG, FREFRER fthas binary (executable) forml
then GET, INFUT=youwur input file pame
then FREFRER

3. The output information is sent to the screen. Tt can
mlao be printed; use the procedures agppropriote for the
hordware ovalloble to you.

!
iy
I
bt
0
10
|
!
¢
13
=l
oy
|t
i

ZFRE 15 the executable version of the program. It may be
ared on the bard disk or it may be on o floppy disk. The
siowing =fteps ore used to ewecute the program on an IBM FC/AT
pmpotible (o FORTRAN compiler must be available on the
irbicular PC being used!:

Cioew i ™M
H o o~ 0

o
A

L. Create an input file, using any convenient name,
ftoilowing the format presented in appendix €C. This is o
permanaent file on the hard disk or Floppy dislk.

2. [For hard disk, enter PREFRE filenumel f(ilenamez
(e.g., PREFRE FREINI PRECGUTL1)
For floppy disk, snter A:PREFRE filenomel filenome?
te.g., AIPREFRE AIPREINL A:PREOUTL)

Filenamel (including device ID and nome extension) iz the
name of your input file and filenomez (including device ID
and noame extension) is the nome of the file vou wieh the
ovtput information written. Either or both files wmay be on
the hord diglk or they maoy be on a floppy disk in device A.
If they are on o floppy disk, the filename must be

preceded by Al. The output file will be created by the
praogram. 1§ you fail to enter the file names at this
point, the program will prompt you to enter those names.
Massages Wwill appear on the screen, but the ouwtput dota are
wrritten to the {(ile.

J. Ertar PPRINT filenmme?

1s



AFPENDD B (continued )

THe output dota will be listecd ot the pri
directed the output file to be writtem tao
(im device A), enter PRINT Al filenomel.

olso a permcnent file on the hoard disk or

riter. If you
the floppy disk

The output file
Floppy diabk.

is



Kn Values forﬁVarious
Rainfall-Runoff Events

This appendix contains tables of data showing estmated Kn values for various
rainfall-runoff events for different watersheds. The first set of data is Figure 5.11
from the Drainage Design Manual, Volume I (1992). This figure was simply moved
to Appendix K for the 1995 revisions. The remaining data comes from a compilation
of data collected by George V. Sabol Consulting Engineers, Inc. for the S-Graph Kn
Study performed for the FCDMC in March 1993 (Sabol, 1993b). These data are
provided to serve as a comparative set of information, which engineers and hydrolo-
gists may consult when selecting Kn values for calculating basin lag times, using
the U. S. Army Corps of Engineers lag equation with one of the four recommended
S-graphs for use in Maricopa County (see Chapter 5). When examining these Kn
data, one should keep in mind that the derived Kn values in these tables were
reconstructed from actual rainfall-runoff events and, therefore, the values are storm
(as well as watershed) dependent. Thus, a great deal of judgement is still necessary
when evaluating these data for assistance in the selection of Kn values, for the
purposes of modeling a particular watershed response to a given design storm.

January 1, 1995 = o KRG
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Lag and Kn Data for Mountain and Foothill Watersheds

(Kn values sorted in ascending order)

Relerenca and 1D No. Whatsrshed Locanon A L Lea 8 L*lca_ Llag [T}
B c o[ F (2q milga) (mfes)  {miles) {tumy) §~5  (hrs)
48 West Fork San Gabriel River it Cogswell Dam (Ha 2), CA ! 4040 1%.40 3.50 40009 22230 8 [
39 [Santa Anila Crask [general 5lomm) ! Sarits Anita Damn, CA 10.80 5.10 2.10 898.00 0.3574 a b
44 [5an Gabriel River vt San Gabdal Dam Mo 1, CA 182.00 23.20 11.80 950.00 14.3854 a b
48 Wvast Fork San Gatled River it Cogavenl Dam (No. 2), CA 40.40 11.40 360 400.00 2.22d0 a b
40 Banta Anita Crask (local slorm) lat Sanla Anita Dam, CA 10.80 510 210 ngn no 0.3574 a b
5 frinlly River Fear Loulston, CA a a a a b a b
41 [3an Dieguito River ICA a a a a b a b
a7 ICcima Creek Banin CA [y a o a b a b
40 Ban Jose Creek (CA a a a a b a b
50 Werdugo Wash (LACDA) ICA 2880 11.40 570 310,00 3.8500 0.840 0.0150
21 33 [5an Jose Creek nt YWoraoan Mill Rd., CA 81.30 23.70 8.19 75.00 24,8034 2400 Q.0272
15 New River (Sopt., 1870) [t Neve River, AZ 85.70 20.20 12.4¢ 121.B0 20,4816 2.720 0.0260
20 32 East Fullsrton Creek lat Fullerton Dam, CA 3o 3.2 1.70 140,00 0.4508 0.600 Q.00
13 Mew River (Sepl., 1870) mear Rock Springs, A7 87.30 20,20 9.70 141.40 18.4778 2.500 0.0332
12 MNew River (Dec., 1807) Pear Rock Springs, AZ 67.30 2020 8.70 141.00 18.5011 25060 0.0343
a7 2 Fow River (Sepl., 1070 lat Bai! Road near Phoenlx, AZ 167.00 47.00 20.70 83.40 107.8032 5380  0.0349
53 Puckhom Creek Fiear Manonville, CO 0.90 6.40 3.40 312.09 1.2319 1.000 0.0355
24 Caep Cresk Fear Hespeda, CA 137.00 a a a 28.1000 2.800 0.03G0
2 Merde River below Jerone, AZ 0.0 110.00 47.00 48.40 768.0921 12.0300 0.0374
22 kqua Fria R. {(Sepl., 1570) at Avondale, AZ 718.00 61.00 27.20 §8.90 1131 8391 7.6800 0.0401
| lalt River it Hoodevell,AZ 4341.00 145.00 BODO 47.00 1260.0254 18.000 0.0407
20 [Bevier River Froar Kingslon, UT 11000 8200 40 .00 48.00 4805714 11.000 0.0408
a5 Now Hiver a1 Rock Springs, AZ ar.30 20.20 B.70 141.40 16.4778 342 0.0471
a8 Iew River lal Newe Alver, A7 85,70 23,20 1300 145.00 28.2025 27500 00411 |
20 Fow Alver (Sepl., 1879) hear Glendale, AZ 323.00 5550 20/ 73.60 132.2660 8.600 0.D414 ‘
52 Arnimas Blver lat Farminglen, MM 1380.00 106.30 55.20 72.40 £80 80w2 12.200 0.0444
i2 28 Tomacula Cresk lat Pauyba Canyon, CA 1868.00 26.00 11.30 150.00 23.9087 3.700 0.0425
28 Flue River rear Clilton, AL 790 00 77.00 37.00 85.00 353.3750 10,300 2.0428
17 25 pummista Craek lat Ternacule, CA 220.00 27.20 10,30 95.00 28.7438 4.000 0.0429
4 Bgua Fha R 1ear Mayer, AZ 580.00 42.00 14.00 87.10 53.0040 5.400 0.0430
B 30 5an Dimas Craek Bt San Dimas Dam, CA 18.20 8.60 4,80 440,00 1.96870 1.500 0.0446
19 FPacoma Wash al Pacoima Darm, CA 27.80 15.00 8.00 315‘90 67012 2.400 0.0447
18 Cual Cr. bear Codar Cily, UT 82.00 10.50 7.10 310,00 6.8537 2400 0.04490
2] al Eaton Wash la! Eaton Wash Dam, CA 950 7.30 4.40 600.00 1.0113 1.300 Q.0451
14 New Rlvar (Dec., 1967) lat New Rlver, AZ 8570 26.20 12.40 121.50 29.4010 4.250 Q.0452
5 45 tian Gabriel River Wt San Qabriel Dam, CA 182.00 20.2¢ 11.80 350.60 T4 3851 3.300 0.0481
14 28 [Sante Margarila River a1 Yaidora, CA 740.00 61.20 34.30 85.00 227.8850 9.500 0.0484
27 Kan Francisco River int Jat. wilh Brue Fliver, AZ WON00 13000 74.00 3200 17005018 20600 00409
18 29 fujunga Creek lal Big Tujutiga Dam, CA B1.40 15,10 7.30 200.00 84729 2.500 0.0472
19 Boevier Hiver rrear Halch, UT 200.00 2800 14.00 §00.00 40.8000 5100 0.0480
] A7 Wea! Fork San Gabrisl River pt Cogswell Dam, CA 40.40 8.30 4.20 450.00 1.8453 1.600 0.0488
13 27 ISants Morgarila Biver near Falthrook, CA 845.00 48.00 22.00 105.00 B3. 78114 1.300 0.0450
18 I os Angelas River it Sepudvada Dam, CA 162.00 19.00 B8.00 145.00 14,2008 3.600 0.0481
1] ab ISanta Clara Hiver Frear Saugus, CA 355.00 35 00 15.80 140.00 48.0724 5.600 0.0494
5 Cave Creek (Dec., 1987) Phoenix, AZ 70.00 20.00 i1.00 75.80 35.2155 4.5%90 0.0406
42 [Santa Parbaras (Mission Creal) It Lox Dlivos Shrend, CA T a A a b n 500
NOTE: a-unknown, b - cannot gaiculala

Relerencas and 10 No s avadabla in the

Documentation And Varificalicn Manua! at the FCDMC
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Index

1.

Rational Method
The Rational Method is used to determine the peak discharge and runoff
volume from a hypothetical 140-acre urban watershed.

Green and Ampt Losses
Loss parameters for input to the Green and Ampt method are calculated for
Subbasin No. 4 of the Example Watershed.

Clark Unit Hydrograph (Urban}

Clark Unit Hydrograph parameters are developed for Subbasin No. 2 of the
Example Watershed using the worksheet (manual) method. The results are
:iput to an example HEC-1 input file, and output is provided.

(lark Unit Hydrograph (Natural)

Clark Unit Hydrograph parameters are developed for Subbasin No. 4 of the
Example Watershed using the worksheet (manual) method. The results are
input to an example HEC-1 input file, and output is provided.

S-Graph Applications

The Phoenix Mountain S-Graph is used to manually develop an unit
hydrograph for a hypothetical watershed. An HEC-1 input file example is
provided.

Kinematic Wave Routing
Flow is routed along a trapezoidal channel using the Kinematic Wave Routing
option. HEC-1 input and output file examples are provided.

Muskingum Routing
Flow is routed along a hypethetical natural stream using the Muskingum
Routing option. HEC-1 input and output file examples are provided.

Muskingum-Cunge Routing

Flow is routed along a hypothetical channel using the Muskingum-Cunge
Routing option. Examples are provided for both the simplified and 8-point
cross-section options. HEC-1 input and output file examples are provided.
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
sroJecT A YDROLOGIC DES/IGN IMTANUAL pace L oF __ 2. __
petail EXAMPLE WATERSHED _ comeuTep

. DATE

. CHECKED BY o DATE

LEGEND

e WATERSHED BOUA/DARY

———-” SUBBAS/A BOUNDARY

"™ WATERCOURSE

@)  SussAsIN NuMBER
COMENTRATION FOINT

&\
—>  SeconpARY Fiows FATHSS
PRMARY FLOW FATY



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

E}IRHS ‘ PROJECT HYDROLOGIC DESIGN MA/V(JAL PAGE 2 OF _ oo
DETAIL EXAMPLE WATERSHED COMPUTED ___ . DATE _
CHECKED BY _ S . DATE __ -

SUBBASIN CHARACTERISTICS

LAND USE

SUBBASIN AREA  THMPERVIOUSNESS Lol FATH SLOPE
3F (mid) (%) LENGTH (me)  (Ft/mi)
1 /.52 33 2.45 170, Yo% /UTI- Ut ArEas
0% ApPARTMENT AREAS
2 2.17 21! /.85 30.5 700% SinvGghE FamiLy
RESIDENTIAL
3 0.9¢ 42 /.13 /04, 50%  L/GHT INDUSTRIAL
50% poswroaly AReAs
AII 0.86 9 Y44 £37. /20%  UNDEVELOPSD
Desart frountain
WATERCOURSES
SUBBASIN DESCRIPTION  GEOMETRY BOA-,;&,;,.., Dé;ﬁl SIDE MANNINGS
3+ WIDTH (#t) SLOPE ‘R
(f£t)
£, :
/ 50/2 j!;ravr‘ TRAP. 25 5 2: LO/8
2 DREDG£p Lty Keet. /5 ¥ —_— o022
CONCRETE . 5 3:4 o0/5
3 LINED TRap 3 9/ .
4 NATURAL, : 2
DESERT TRAP, /5 2 2: 1 . OF0

STREAM



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT AYOROLOGIC PESIGN NrMANUAL page 1 oF 2

DETAIL ExArmplE No 1 COMPUTED _  DATE
RAaTIONAL _SITETHOD CHECKED BY ______ [ATE

SCENARIO USE THE RArvonvdl Me7H0D 70 DETERMINE THE
/00~ YEAR PELK DISCHARGE AND RUNOFE VOLUME FROAF
AN URBAN WATERSHED WITH THE FOLLoWING PHYSICAL

CEHARACT ER/ISTICS

LOCATIOA CAREFREE, AZ. 76N - R4&E - Sec. &

DRAINAGE ARFA /0 acres

ALOW LPATi LEAVCTH ———» (. 236 e,

AVERAGE SLop& » 33 Ft/me

LAND LSE » 7O % S/INELE FAMILY RES/IPEAT/LE
309 L/GHT TNOUSTRIAL

v ¥

TEP :
_Srep 1 DETERMINE THE RUNOFF COEFF/c/eny C  ( TABLE 3, )
SINCE OUR RETURN PERICL /S /00-YEAR, LISE COLUMN (Y).

RESIDENT 1AL (70 ¥a) +» C,=0.63
LIGKHT TNOUSTRIAL (30%)——» C;70.82

CZ (70)(.é3)+ (. 30)(.82)= 0.69

STep 2 CALCULATE Tc wusirng £guafion 32
-3 =38

Te = wx LT AT ST

where Lz /236 A=
S = 33 Ft/m
Ky = - 00¢25 (log 790) + .04 = 0.027 (TaBLf 3.1 £ 3.2)

PLUG (A THE ANOWN VARIABLES: -1 30
7e = ey (1236)F (027)%° (33) ()
Te = 0.655 ("

SINCE THE EQRUATION CONTAINS THO UNKNOWAS, 17 /MUST BE SoLVED
BY AN ITERAT/IVE LPROCESS. WELL CHOOSE 30 rmin, as a L£/&85T GUESS
AT 7. AT 7c= 30 min., 7HE /00-YEAR RAINFALL INTENSITY /S
400 cnhr. (F76. 3.3). BECAUSE THE WATERSHED /5 OUTSIOE THE
PHOENIX AREA, THE INTENSITY VALUES AUST BE ADJTUSTED USING
FQUATION 3.3: .o f PE

L -/ . Fi-d

o F ( 2.07 ) :

where [p (S the rainfall cntensity value for Phoenix (Frg33),

and AR /207 s fhe ratisc of the &-bowr, /O-yecar rainfall
depth (FI6 24) for our area #o rhat For Phoenix.




FL.OOD CONTROL. DISTRICT OF MARICOFPA COUNTY

SROJECT ArorRotoGic Desien MawuAl.  page 2 o 2
nitall _ExaMpLE Mo / COMPUTED DATE
Ratronal /7€ rwod CHECKED BY ____ _ DATE
For rTHis (ASE : tp= %00 cn/bor /’,f= 23 n
Ly = #00(Z3) = w59 inja
AT Cpo = 984 infhr, 75 = 0.655 (4yy)° " <223 min a4 Good
TRY 7¢=20 rmin,
o . : 23Y. 5¢7 in
Lp= S1 infhr| op= 51 (E5) 5T infhy
oK

7 0.655 (5¢7)78 = 20.3 mun
.SO 72-/90 = 20 "V/:’?, d:rao = 567 (‘l?/éf‘

S7T&EP 3¢ CALCULATE FPEAK DISCHARGE UASIANG EQUATfON 3.1
Qok = Cuoo Liag A = (0.69)(5¢7)(140) = 598cfs

STEP 4 ~alculATE ReTENTION Vorume (V)
b3
V= Cao (£2)A

e (S the 2- hour, 100-year point raintall depth (cn).

where
The Po can be read from Fis 3.2, or calculated wsing

the equations (n Section 2.9%.
For 2his case, we will read Fos  from ﬁ;arc 32. AF

7oA~ RYE — Sectron &, the approximate value (s 275 (.

TaEN 2 = 0.69 ‘T};‘S- /Y0 = 2219 ac-Ft




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PaceE L _orF L .

AvproloGgre DESIen Mavwal

PROJECT

netall  Exampie A 2 COMPUTED DATE
ry

Green £ Ampr L osses CHECKED BY . o o DATE

_SCENARIO:! CALCULATE 7THE GREEN AND AMPT 0SS PARAMETERS
EFOR SUBRAS/A No. ¥ OF FTHE EXAMPLE WATERSHED.
ASSUME THAT THE L/ATERSHED |8 LOCATED WITHIN
THE SOUNDARIES OF TAE "SO0IL SURVEY OF AGHLIILA -
CAREFREE AREA , PARTS OF MARICOPA AND PiIAAL
COUNTIES, ARIZONA? ASSUME T#E DESIGN STORM
70 8 4 G -AOUR , /100 -YEAR EVENT OF 3.5 Fo ¥ O /VCHES

ACGMBERS ARE FOUAD ON THE S0/L SURVEY
APASE AND DENOTE SO/L AMAP UNITS,

SUBRAsS/A

PLAMNIAETER ATALP GNIT AREAS Ao, 4

W/ rkteny THE SUBBAS/N. ASSUNTE
AOR 7TH/S CASE: :

STERPZ :

AP UNIT Ao, 22 —— A =285%
29 —— A =35%
/0% Az Yo% ' . e,
~SLERZ: LUK UP XKSAT & R7/INMP PARAME TERS \ \
29 N
/

i APPEANDIX A
ROCK QUTCROP OR

MAP UMIT Ao, YKSAT (in/br) TMPERNV/OUSNESS (%) _
22 .0y o
29 , 3y o
/0% 1Y &0
STEPI D CALCULATE A £0G- WEIGHTED KKSAT FOR TH#/&E SUBBASIA:
XKSAT = chi[.z.s' (tog.ow)+ 36(10g.34) + . Va(/aj,/lf)] = O./Y nfhr

DETERMINE VALUES OF PSIF AND DTHETA FROM F/GURE 4.3 USING

STEL & .
THE XKSAT VALUE N STEFPT:
PSIE = 6.2 ¢n
DTwETA (DRY) = 0.39
STER S : USE FIGURE 44 7o AdjusT XKSAT BASEQ ON VEGETAT/ION :

T FOR THMIS EXAMPLE, ASSUME TAAT MAP UNITS 22 £ 29 AVERAGE
VESE FTAF/ON COVER, AND UWUN/T /04 AVERAGES 30%
X¥KSAT =(.col 1.t} + vo(r22)].74/ 2 O.16 in/hr

CALCULATE TA aND RTIMP:
FOR THIS EXAMPLE, ASSUME AAL UAIT 728 /S ROUGH AISUNTAIANS AND

UNITS 22 &4 29 ARE MIISL0PE AREAS:
ZTa= (. 40x.28) + ( 60x_ /5) = ©. 19 ¢n

RT/MP : ASSUME 75 % CONNECTED IMPERVIOUSAESS FOR MALP UINT J0¥:
IELeo) » YE %

RT/IMP = &0 (¥5% )= 782%

20%

STEPG







FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

crROECT AYORotoGHK Desrsr Manual _ pacE L o
rrran ExAmMPLE A6 D coMPUTED . DATE _
CLARK UNIT HYPROG RaPH (LIRBANY rHECKED BY DATE

DEVELOL 7THE CLARK AT AYODROGRAPH IALPCT L4RANMETERS

SCeENAR IO :

FOR SUBRAS/AV Ao 2 OF 7a/s EXAMPLE WATERSHED,
STEP 1 : :
S ASSEMBLE PAYSICAL BASIN CHARACTERISTICS :

AREA = 2107 mi* a2 /389 ac,
Fiow PATH (L)= /85 m(

SLoPE (S) = 30.% Fim:

IMPERVIOUSANESS = 2] 24

STEPZ'  CALCULATE THE BASIN RESISTANCE COEFEICIENT Kb WS/nG
F'/:f. S5, TABLES S/ E 52, AND THE " Ta # R WerksHEET '(Apfend{t E)-

SINCE THIS /S AN LURBAN BAS/N : M=~ 00625 and bO= .04
Ko = m(logA) *b = 00625 ( log 1389) +_ 0% = . 020

STEP 3: REDUCE 7¢ Fo a function of intensity () -
NOTE: PEFER TO THE WORKSKEET DURING THE REMAINING STEFS,

T 0T kES . T py(r85)0 (o20) ¥ (308) 7 s 703 (738

STEL & & ENTER RAINFALL, LOS5, AND CLARK PARAMETER DATA
INTO AN HEC -1 TNPUT FHIE, hWwiTay Te £ & ser 70 ZERO.

Kt THE PROGRAM W/ITH 7THE 0 CARD = 0 70 GENERATE
A RA/WVFALL -~ LOSS - EXcexs TABLE,

USING THE WORKSHEET AND THE RESULTS OF STEL &,

STEPS -
TABULATE 7HE PELROPD OF PFAK RAINFAILL EXCESS Ano
COMPUTE THE AVERAGE JTA/TENSITIES Toe A TIME
GREATER _THAN THE £XPECTED 7c.

STEL & CONSTRUCT THE GRAPH OF AVERAGE EFXCESS INTENSITY VS Tr/HME.

CALCULATE T BY ITERATION. INTEMNSITY ( () VALUES ARE
READ FROM Tr&E GRAPL. CALCULATS R,

STEPS8: ENTER THHE 7Te AR VALUES IATO THE AEC-I F7LE ] SAVE ]
AND RUN. A SAMPL&E A/&C-7 ITHNPUZT AND ODUTPUT FI/ILE

/5 LPROVIDED,

STEP 7 ¢

ALTERNATE METHOD
Proqram MCUHNPL can be used to complete steps 3 — 8.
APPENDIX T FOR THSTRUCTIDNS.

See



Calculated
Checked by:

by:

CALCULATICK OF

Tc & R

Date:

Warershed: E:‘IM{"LPLE M?‘Eﬁfﬂfﬂ" SusBasin No. 2

Project: Lxampss Vo 3

Rainfall Frequency: /€0 . yr

Eainfall Lo

Method:

g3

— — -

Luration:

bt

& - hr.

Green k . Ampt Hethod
IL + ULR by soil texture
IL + ULR by hydrologic soil group

Pattern #: /&85

Tzbulate Period of Rearrange Incremental Excesses in
Peak Rainfall Frcess Order of Decreasing Averace Intensity
Clock Time Incram. Accum. Increm. Accum. Avg. Excess
@ end of Excess Tine Excess Excess Intensity
Increm. in. bkr./min. in. in. in./bkr.
033§ 17 S5 26 . 26 3.12
0340 L7 /© . 26 .52 3.2
03NS N /5 . 26 .78 3.12
0350 . 26 2¢ .17 .75 2.85 _
0355 .26 25 17 .12 2.69
0%00 . 26 30 17 - 27 2.58
CY0S5 L1t 35 i /. 40 2.%¢
0470 {) 0 . H /.51 2.27
4 = 2.17 sg.mi. A
L = /B8 mi, v
S = 305 fer/mi. e j
r g g
¥o = p [lowii * 6840)]+ Db a i
¥b = (700625 log (2./7 *640) + (.09 ) |g i
Kh = .020 o
.50 (.52 -.,31 -.38
T = 11.4 L Kb ) i E
-.38 X
Te = ¢ ©.703 3y i c
e
Trial Tc i Calc. Tc 5
s
Y17 2.70 . 482
483 2.58 Y70 b
, 500 2.56 , 472 n
N 1
t
e
n an
Te - 492 hr. s N
i \
t RN
1.11 -.57 .80 y \7\
R = .37 Tc A L <
i .
I ~
R = /77 nr. / ~
- h
z 25 30 35 40
Time (Tc) (hr./min.)

3.2

34

2.9
2.8

2.1

2.5
2.9
2.3

2.2



ot

O oun L —

+]

HEC-1 INPUT PAGE
0. e o, - 3....... [ - ... T 8., ... Foven 10
D SAWPLE HEC-1 INPUT USING TECHNIQUES OUTLINED IN THE
iD  HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY
FER I FE LIRS LRSS SR 2223333 23333 322222222 3 23 22 2R R 2l ey Ry e ey
ID  EXAMPLE NO. 3 - CLARK UNIT HYDROGRAPH (URBAN)
K AR AR A AN AR A kR kA ARk A A R R A A A R A Ak AR AR AR A N AR R R E R AR E R E N AN A AN AN AT AN W
D RAINFALL: &-HR, 100-YEAR POINT RAIMFALL DEPTH OF 3.25 INCHES
D HYDROGRAPH: CLARK - TC & R FROM WORKSHEET
0 URBAN TIME-AREA CURVE
15 {OSSES: GREEN AND AMPT METHOD
1> BASIN AREA: 2.17 SQUARE MILES, RAINFALL PATTERN NO. 1.85
LR LRI WTEEEEERESIER SRR EEEEEE R S 2 RR2222RRR 2R 2R IERI R 2 XYY 2 22"S
IT 5 85
Ic g
RN N NN AN AN AR A A A A R R A A A A A A A AN AN A A A A A R Rt e AR AR AN E AR A AR A AR R AR AR
KK BASINEZ
KM  COMPUTE DISCHARGE AT THE OUTLET OF SUBBASIN NO. 2
KM 6-HOUR RAINFALL, PATTERN NO. 1.85 WAS USED TO FIND TC & R FOR THIS BASIN
KM THIS BASIN LUSED RAINFALL REDUCTION FACTOR OF .§7%
BA 2,170
IN 15
KM  RAINFALL DEPTH OF 3.25 WAS SPACIALLY REDUCED AS SHOWN BY THE PE RECORD
PE  3.182
KM  THE FOLLOWING PC RECORD USED A &-HOUR STORM WITH A PATTERN No. OF 1,85
PC .00D .009 016 .DeS 034 .D&2 .051 .059 067 078
PC  .DBY .100 120 159 247 44D 715 .B48 .905 . 940
PC 952 964 976 .9BE  1.000
LG .150 35D 7.500 .100  21.000
ue 492 A77
UA D 5 16 0, 65 77 84 90 9 97
VA 100
]



- ﬂ**t*ttﬁﬁ***t*tt*tt**li"-“.hLt*.'tﬂ****iltkt*t**t'l’tttttlt*t!‘littt***i‘ttltttt***‘ltt**.tl’ill‘l**fttl**t-i:-_ EER S AR AR 22222 R R il ] 2 N

HYDROGRAPH AT STATION  BASINZ

¥ & ftttt*tt!****.tﬁxtt*:tt*ﬂi\'t‘t*titiittt‘tttil*****ill-k**tlttt*itt!ttttltttltt*tttl****tﬂit****t.‘lttt*ii'lll A XA EARNTRARA RN T AR XA,
*

DA MON HRMN ORD RAIN L0SS EXCESS COMP Q * DA MON HRMN ORD RAIN LOSS EXCESS CoMP Q
1 0000 1 .00 .Go .00 0. * 1 0335 44 .20 .04 A7 507.
1 00as 2 .01 Ney .00 1. * A 0340 43 .20 .04 A7 g22.
1 0010 3 .01 .M .00 b * 1 0345 46 .20 .03 7 1281.
1 0015 4 .01 .0 .00 10. * 1 0350 47 .29 .Q3 .26 1783,
4 0020 5 01 .01 .00 17. * 1 0355 4B .29 .03 .26 2294 .
1 0025 & .01 .0 .00 21. * 1 0400 49 .29 .03 .26 2B43.
1 O30 7 .0 .01 .00 24, * 1 0405 50 4 .03 Nl 3273,
1 0035 8 .01 .01 .00 26. * 1 0410 5% 4 .Q3 .11 3387.
1 0040 q .01 .01 .00 27. * 1 0415 52 6 .03 .M 3184,
1 0045 10 . .0t .00 28. * 1 0420 53 .06 .03 .03 2826.
1 o050 11 .M .01 .00 30. * 1 0425 54 .06 .03 .04 2412
1 0055 12 .07 .01 .00 3. * 1 0430 55 .06 .02 .04 1938.
1 0100 13 .0 .01 .00 32, * 1 0435 56 .04 .02 .01 1500.
1 Q105 14 .0 .0 .0 13, * 1 0440 57 .04 .02 .01 1155,
1 0110 15 .01 .M .00 33, . 1 0445 58 .04 .02 N 863,
1 o115 16 .01 .01 .00 32. * 1 D450 59 N .01 .00 636,
1 o120 17 .01 .0 .00 32. * 1 0455 40 .01 .01 .00 468,
1 90125 18 .01 .0 .00 31, * 1 0500 &1 -0 .01 .00 331.
1 0130 19 .0 .o .00 32. * 1 0505 62 . .01 .06 226,
1 0135 20 .01 . .00 3e. * 1 0510 &3 .1 .0 .00 155.
1 0140 2% .0 .01 .00 3e. * 1 0515 &4 .01 .0t .00 111.
1 0145 22 .03 .0 .00 3z, * 1 0520 &5 .01 .0 .00 83.
1 0150 23 .01 .01 .00 3. * 1 0525 86 ., .01 .ot &5.
1 0155 24 .01 .01 .00 n. * 1 0530 &7 .01 .0 .00 56.
1 0200 25 .01 .0 .00 30. * 1 0535 68 o] .01 .00 51.
1 0205 26 01 .01 .00 30. * 1 0540 69 .M . .00 4B.
1 0210 27 .0 04 .00 10, * 1 D545 0 . a1 .00 46.
1 0215 28 1 .01 .00 3. * 1 0550 71 G . .00 45,
i 0220 &% .M .01 .00 32. * 1 0555 72 .0 .0 .00 65,
1 0225 3 .o .01 .00 33. * 1 0600 73 Ry . .00 45,
1 0230 M .01 .01 .00 35. * 1 0605 74 G .00 .00 bh.
1 0235 32 oy .01 .00 37. * 1 0610 75 (4] 00 .00 39
1 0240 32 .01 .01 .0d 19. * 1 0615 76 .00 .00 .00 .
1 D245 34 .0 .ol .00 42, * 1 ge20 77 .00 .00 .00 22.
1 0250 35 .02 .02 .00 44, * 1 Q625 78 QQ .00 .00 15.
1 0255 36 .02 .02 .00 49. * 1 0630 79 o0 .00 .Q0 - 10.
1 0300 37 .02 .02 .00 Sh. * 1 0635 80 .00 .00 .Q0 -
1 o030 38 .04 .03 .01 62, * 1 0840 &1 .00 .00 .0C 4,
1 0310 39 .04 03 .01 74, * 1 D645 B2 .00 .00 .00 2.
1 0315 40 .04 .03 .0 Q0. * 1 0650 83 .00 .00 .00 1.
1 0320 41 R .05 .04 120, * 1 0655 B4 .00 .00 .Q0 1.
1 0325 42 .09 .05 .05 191. * 1 D700 85 .00 .00 .00 0,
1 0330 43 09 .04 .05 316. * .

*

**ttt!)ltttt*t*tt*tt***!tt*t‘lt*ttittttit!**t*t#‘l!*kttittttiitttt**ttt!!t****ttllt*‘li!*iiiti*!!*****likki**t*likltttl#l*tk How ko



TOTAL RAINFALL = 318, TOTAL LOSS =
PCAK FLOW TIME
fi-HR
(CFS) (HR)
(CFS:
1387, %.17 479,
(INCHES} 7.084
(AC-FT} 218,

CLUMULATIVE AREA =

_ PEAK
“BPERATION STATIQN FLOW

HYDROGRAPH AT
BASIN2 3ia7,

*** NORMAL END CFf HEC-1 **»

1.11, TOTAL EXCESS = 2.07

MAXTIMUH AVERAGE FLOW

24=HR 72-HR 7,00-HR
412, 412. 412,
2.059 2,059 2.05%
238. 238. 238,
2.17 sq HI

RUMOFF SUMMARY
FLOW [N CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXTHUM
PEAK AREA STAGE
&-HOUR 24-HOUR 72-HOUR
4.17 479, 4ie. 412, 2.17

TiME OF
MAX STAGE






SCENARI

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROECT AYDRotoeic Desian MamuAal.,  =acr L oF
NETAIL EXAMPLE No F _ COMPUTED DATE ___
CLARK UNIT HYDROGRAPH CHECKED BY DATE
( NATURAL [RASin)
Ot DEVELOP THE CLARK UNIT AYOROGRAPH /NPUT

Y oF THE

sTEPL

PARAMETERS APR SWUBBASIN No.
EXAMPLE WATERSKED.

ASSErTBLE PHRYSICAL. BASIN CHARACTERISTICS :
AREA = O.86 m't= 550 & acres
FLOW PATH LENGTH (L) = L9Fm
SLOPE (S) = 370 My ( ADIUSTED USING Fig. 5.4 )

THPERVIOUSNESS = |8 %

CALCULATE THE BASIN RESISTANCE COEFFICIENT Kb USING

STEPZ:
Fl6. 58, TABLES S5/ F 52, AND THE T Te LR WORKSHEET "
CAPPENOIX E)., ASSUME THAT THIS SUBBAS/N /5 So0%
NMILLELOPE " AND SO % Y TOUNTAIN, _

~.025 (/eg S50.4) + 045 = (OBl . 50(.081)+ 50( 118)= 0.100 = K}
-, 030 (/eq SSO.¥) + 0.20 = ,||8
STEP3: REDUCE T2 To A FUNCTION OF EXCESS TNTEANSITY (i)

NOTE + REFER 70 THE WORKSHEET DURING Ta/& REMAINING STEFRS

Tesny 2 AT Tes sy Chwn) Tli00Y  (n0) v 0700 L7

STEL Y

LOSS, AND CLARK PARAMETER DATA /NTO

ENTER RAINFALL,
RUN THE

AN HEC-| TNPUT FILE, WiTH Tc £ R SE7 70 ZERO.
MODEL Lrzat THE TO CARD =0 TO GENERATE A RAINFALL

— LOSS ~ £XCESS TABLE.

STEP &5

HSING THE WORKSHNEET AND THE RESWITS OF STEP Y, TABULATE

THE PERIOD OF PEAR RAINFALL E£XCESS AND COMPUTE THE
AVERAQE EXCESS IN7ENS/T/ES To A 7T/srreE GREATER THAN

THE E£XPECTED Tt

STEPG :

CONSTRUCT THE GRAPH OF AVERAGE EXCESS TNTENSITY VS Time

CALCULATE 7 BY ITT7TERATION,. INTENS/TY () VALUES

STEL 7 -
ARE READ FRorM THE GRAPH. CALCULATE R.

STEPB:  ENTER THE Tc d R VALUES /NTO THE HEC-| FILE ;] SAVE;
AND RUN, SAMPLE HNEC-| INPUT AND OUTPUT FAES ARE
PROV/DED .

ALTERNATE METHOD

PROGRAM MCUHPL CAN BE USED To COMPLETE STEPS 3-8.
SEE APPENDIX T AOR LZNSTRUCTIONS.



Calculatzd by:

CALCULATICN CF Tc & R

Checked by.

wWatershed:

FAAMPLE No. ¥, SAmpPLE W4reesHenH No. &

Rainfall Frequency: /80 - yr

Rainfall Loss Method:

[>]
)

Duraticon:

2 - hr.

Green & Ampt Methoed
IL + ULR by socil texture

[ ] IL + ULR by hydrologic soil group

Pattern f: M4

Tabulate Period of Rearrange Incremental Excesses in
Pesal Rainfall Evcess Order of TDecreasing Average Intensity
Clock Time Increm. Accum. Increm. Accum. Avg. Excess
g end of Excess Tioe Excess Excess Intensity
Increm. in. hr./min. in. in. in. /hr,
00S5S .0& 5 .68 .68 8.16
0100 N9 /0 , 33 yR-Yi 6 .06
005 .68 /5 .27 /.28 52
ctrio .33 20 b /Y7 i 1
oS .27 25 , 06 /.53 367
020 . 05 30 . 05 -y 3.1
o125 . 03 324 , 03 /-Gl 2.7
© 130 .02 <4 . 02 / &3 2.45
A = 0.86 sq.mi. A ] i ’
L = Y7 mi. v
S = ____3/0 ft/mi. e I
r . |
Kb = m [log(a * 640)]+ Db a
Kb = ( ) log ( *&40) * ( ) |8
Kb = . /00 e
.50 .52 -.,31 -.38
Tc = 11.4 L ¥b S i E
-.38 x
Tc (770 ) i : N _
X
Trial Tc i Calc. Tc s \\
s \ﬁ
. $00 3./6 . ¥5°9 AN
. ¥50 3.97 A93 1 N
. 433 3.57 . 4/38 n NG
t \
a
n
\\
Tc = 438 hr. i S
t P
1.11 -.57 .80 ¥ <
R = .37 Tc A L
i
n
R = 222 br. /
h e i
25 3 36 4
Time (Tc) (hr./pin.)

30

2.5



HEC-1 INPUT
B T 2.0 ... [ I 5.0 |- Tooo oo |- 9o 10
1o SAMPLE HEC-1 RUN USING TECHNIGUES PRESENTED IN THE
1o AYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY
LR SRR AR LA SR EE SRR ELERAL IS Rt sl Rl RISl a RSl T Rl Rd s ]
10 EXAMPLE NO. 4 - CLARK UNIT HYDROGRAPH, UNDEVELCPED BASIN
LR AL AL ENEE NS E SRR AR RN ARl R R AR RERRI AR SRRl RN 2222222 Y
1D RAINFALL: 2-HR, 100-YR POINT RAINFALL DEPTH OF 2.70 INCHES
) HYDROGRAPH: CLARK - Tc & R FROM WORKSHEET, NATURAL TIME-AREA CURVE
iD LOSSES: GREEN B AMPT
D SUBBASIN AREA: 0.85 SQUARE MILES
MR E AT R AN A R T R R A AR AR A A AT R AR AR A NN AT R AKX A NN SR AR d A AR TN AN Nk k&
1T > O3J4AN9Z 0000 40

10 0

W R R R ARk Rk AR R A AN KR A A A A A N R R kAR R A A R A A kAR A AR AR R R A KR A AR R AR R Rk kA kA RN

KK 2ASIN%

YM COMPUTE DISCHARGE AT QUTLET OF SUBBASIN NO. 4

KM 2-HOUR RAINFALL DISTRIBUTION WAS USED TO FIND TC & R FOR THIS BASIN
KM THAIS BASIN USED RAINFALL REDUCTION FACTOR OF1.000

ga 860

IN 5

KM RAINFALL DEPTH OF 2,70 WAS SPACIALLY REDUCED AS SHOWN BY THE P8 RECORD

PB 2.700

K THE FOLLCWING PC RECORD USED A 2-HOUR RAINFALL DISTRIBUTION

at .00a .01 .018 .023 .028 .032 048 Norgl 100 137
PC 76 232 327 601 LT43 L8463 L9 230 954 .962
EC .®70 97y .982 .992  1.000

LG L4190 L3900 6,200 L1680 18.000

uc 438 222

UA 0 3 5 8 12 20 43 75 20 96
Ua 500

1z

PAGE



PR R e s N AT e NN R N S R I 2 PR R R 22 S DL s R 222 22222 224 R R R AR RERRN RIS RN TEE L FEEEE S TR

HYDROGRAPH AT STATION  BASIN4

AN E A A A N N A R ARk AN AR R T A T A TR R A N R A A A R A A R A T R A RN N A AR A N N R A N N A A R RN A A R AN R AN X A A AN A AN P AN A R A ke d R R kA R AR A R Ak ks x
. .

OA MON HRMN  ORD RAIN Less  EXCESS COMP Q@ * DA MCN HAMN ORD RAIN LOSS EXCESS COMP @
®
3 JAN 0000 1 .00 .00 .00 0. * 3 JAN 0140 21 .02 .02 LG 1131,
3 AN 0005 2 .03 .02 .0 0. * 3 JAN 0145 22 .02 .02 .00 829,
3 JAN 0010 3 .02 .02 .00 1. * 3 JAN 0150 23 .0 . .00 592.
3 JAN DO15 4 0 .01 .00 3. * 3 JAN 0155 24 .03 .02 .00 17
3 JAN 0020 5 .01 .01 .00 8, * 3 JAN 0200 25 .02 .02 00 293
3 JAN 0025 6 .0 Rt .00 13. * 3 JAN 0205 26 .00 .00 2] 207
2 JAN 0030 7 .04 03 .0 15. = 3 JAN 0210 27 .00 .00 0.8 148
3 JAN 0035 8 .07 .06 .01 16. * 3 JAN 0215 28 .00 .00 00 108.
3 JAN 0040 ? .c8 .06 . 19. * 3 JAN 0220 2% .00 .00 DD 7.
'3 JAN D045 10 .10 .08 .02 27 * 3 JAN 0225 3D .00 .00 00 3.
3 AN 0050 1 N .09 .02 40, * 3 JAN 0230 31 .00 .00 00 35.
3 JAN 0055 12 .15 .09 .06 59. * 3 JAN 0235 32 .00 Q0 .00 1E.
3 JAN 0100 13 .26 07 19 88. * 3 JAN 0240 33 .00 .00 .00 10.
3 JAN 0105 14 LTk .06 .68 166. * 3 JAN 0245 34 .00 .00 00 4.
3 JAN 0110 15 .38 .06 .33 335. * 3 Jan 0250 35 .00 .00 co 2.
3 JAN 0115 16 .32 .05 .27 692, * 1 JAN 0255 36 .00 .00 DD 2.
3 JAN 0120 17 .10 .05 .05 1268. * 3 JAN 0300 37 .00 .00 DD 1.
3 JaN 0125 1B .08 .05 .03 1690. * 3 JAN 0305 38 .00 .00 DD 1.
3 AN 0130 19 .06 .04 .02 1718. = 3 JAN 0310 3¢ .00 .00 [al0] D.
3 Jan 0135 20 .02 .02 .00 1477. = 3 JAN 0315 4D .00 .00 00 0,

"
sk e e ek e ek Wk ko gk ke e e e Ry ek e TSR e e e e e e A e e e e kR e e s e W R R R R R R R A A A A AR R R RNk N KR R AR Nk R ok g ko kX

TOTAL RAINFALL =  2.70, TOTAL LOSS = .96, TOTAL EXCESS = 1.74
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 3.25-HR
+  (CFS) (HR}
TP
+ 1T, 1.50 297. 297. 297. 297.
{ INCHES) 1.73¢ 1.736 1.736 1.736
(RC-FT) 80. 80. 80. 80.
CUMULATIVE AREA = B4 SQ M1

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECONO
TIME IN HOURS, AREA IN SQUARE MILES

PEAK  TIME OF AVERAGE FLOW FOR MAXIMUW PERIOQD BASIN MAXIHLM TIME OF
GPERATION STATION FLOW PEAK AREA STAGE MAK STAGE
+ &-HOUR 24-HOUR 72-HOUR
HYDRCOGRAPH AT
+ BASING 1718. 1.50 297. 297. 297. .86

***% NORMAL END DF MEC-1 *wv



FL.OOD CONTROL DISTRICT OF MARICOPA COUNTY

PROGECT _ A IBRataaie _AEStand  MAceide. . . PAGE £ OF 7
DETAIL  __3-GRAPH APPLICATIENS  COMPUTED o DATE
EXAMPLE 4.5 e CHECKED 8Y DATE

ALCLEATION SF S- GRALHS

SEENARIO Y DEVELL P THE APPRoPRIATE UNIT-GRAFH AnD Discidroe /2R THs
Faclowiniin BASiA

STERL ¢ LIST PHYSICAL CHARACTERISTICS |

Arsa (A ) = 5.1 e -

LEMGTH AF WATER CoURSE (L) = 5.2
(Fremt THE outceT To THE PRAnAGE SouwdRy )

LENGTH OF WATER CouRSE TU A Pan'T 8FPsSITE Th ConTROLS (LCA ) BN PN

H 290 -i300 - 249 )Pf/n«.

L 50
CAL CdAaTs: _Llea | C5'2X5'°) = . 95
5 Ve Z6e Vr

STsR2:  CaMPARE WITH //?’ﬁﬂ.ﬂ.d4lcdr.r.7 Srat1e AR WA TER SHEDS o IN /aﬁr;rfc:;r_/f@/

CertPakE WITH THE Lt Cﬂ-/s e SAE FlGQuRE S\ s THS Hrpescote
DESIant  ManaAL ~ THiS SIEP IS INIENOED To MHecp wiTH Ki ScescTioan.

Al NAME A L Lia s Llea/)s5Ya

5 EATon WASA 9.5 7:3 oy 600 /3

/

SimicE L-’»fa‘/ 5 V", Aes RECATIVE Y CeesSer , THESE Twp LAdsims
H

ARE  Consiplred  HYDRoLo b1 Chee f Semiear Y. EAToN wWASH /A5 A

KA VALuE oF -0¢5.

LSE (N1ELD) DBSCRVATIONS On THE HYODRAULIC FAEATURES o~ THE
MAN WATER CouRSE, Aud LEALIZING THE Sian S/cAants 0F Sn=.05
ESTABLISH |F 05 /5 APPRIFRIATE fpr YouR 8ASa/,
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L DsTRicT ek PROJECT . HYBRecstaic  DESton' FANUAL pagE L oF 7
PETAIL . _EXAMPLE # & COMPUTED . o . DATE . _
R _ oo CHECKED BY DATE __
L

M WATERSHED BounpAey

a EwcvatioN IMARK

MTS




700D SONTROL DISTRICT OF MARICOPA COUNTY

PROJECT _ Prscos e DEStan) Alawusil. . PAGE 3 _OF 7
DETAL S- GRAPH _APPLIZATIONS COMPUTED oo . DATE.

DATE

<

. CHECKED B

EXamMPpLE #5

A3surtinta THAT THE ARl WATER CouRSE 75 A WEW - DEFinted & MarntimC w/t TH

ALY HedirdAL VEGETA TieN 5 A n Vs oF 204 5 Seesctred rnl THrS CASE

_"5»1-5ﬁ_3 ; CALCutATE THE LAG. THE Foiiow/in/ts LAG RECATioA 8By THe ComPs IF

ENGIANETERS /5 i
.38 3%
LAG = 24 ( Kal(LLa/fs¥r) = 24 (04 )(-95) = 5.94 Houxs

&L SELECT THE APPRoPLINTE TimeE STeER:

TieE ComPudTATIoNn RL TimE STER SHowd BF WiTHin THE RANGE oF

(1o —= 125 ) x (LAG TIME ) AS Susacsred /e THE Manuni. vore 7iwgr

THIS CorPUTATIONAL Tirds STERL (S THE SAME AS THE ard 4/1ED oar

e " T ! CARD I~ HEC-¢. THIS VAeuEr 185 SErlc 7D 7o Bes 7O AMowew vt
Stee & L AT TS Lo T ALl 97 THE ANECESSARY FHRRAMETERS ARE Fauws, THEA,

A UNT-[1RAPH CAN BE DEvEoPED BY tSine THE “HMcwwrz " FRo4rhA.
ALTER NA T1 v ys A UNIT GRAPH CAN SF DEveLorEd Mivuace ) wireH (S

EXPLANED ANEXT.

MAnuAL  CondS TRy TroN GF A _10-MinuTE  UniT MIDRLGRAPH TRoAM  THE

FlHeCnly Mount taid ) imgcnsion L ESS S ~-GRAPH

CLNMSIDER THE PREv 10use b4 AESCRIBED BASin WiTH THE Foltewvntt [ARAAME 7e5es,

Lz
A = 5% 2
LAt = o949 Hours
. 509
Pt = a5, 33 4 - 44533( ) - 20,09 C~S
D (’0/60)
VYHERS | QuiT = ULTIFIATE DIiSCH ARG & CCFS)_;

A = Deawsras AREA (#i?);

O = DurATinN oF RANFACL EXCESS 3 SANE AS  Tre Tirme
S7cp PREViaUSey CAcewATED  ( flouRS ) .



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

CROJECT HYDRorobic HESinm fMamuAdl  _ PAGE 4 oF _ 7
DETAIL S-GRAPH APPLICATIoNS  COMPUTED DATE
EXAMPALE 3 5 __ CHECKED BY DATE

@ ContS TRUCT A TABLE LIKE THE FOLlowints BY READING oFF THE UVALuES o~ %@ucr
Antd L LAG FRom THE DINcaSinisss S-GRAPH TABLES (PHIENIX  APouns Tarns OF

PHoENIX VALLEY ) tn THE HYDRoloGiC DESIA STANUAL -

OGRDTHATE I Qulr DISCHARGE (cfs) I LAG TIHE (hours}
9 0 0 0.0 0,000
1 2 402 23.0 0.216
2 4 B04 31.0 0.291
3 6 1206 37.0 0.345
4 8 1608 42.0 0.395
5 10 2010 46.0 0.432
6 1z . 2411 49.8 0.468
7 14 2813 33.4 0.502
8 16 3213 56.8 0,534
9 18 3617 6C.0 0.364

10 20 5019 83,1 0.593
11 22 t621 56.1 0.621
1z 24 L823 9.0 0.649
13 26 5223 71i.8 0.67%
X3 28 5627 T4,k 0.569%
L3 30 54029 Th.8 ¢.728
18 32 6431 79.1 0,744
17 a4 6832 8l.2 0.7463
18 36 7234 83.2 0.762
1% : k] 7636 85.1 0.800
290 40 8036 BE6.8 0.816
21 4z 8440 88.8 G.835
22 b4 8842 51.0 0.455
23 46 G244 3.8 0.882
24 48 9646 96.8 0.510
25 50 10048 100.0 0.%40
25 52 10450 103.4 0.972
27 54 10852 1l07.0 1.005
28 56 11254 110.8 1.052
29 58 11653 114.7 1.078
a0 60 12057 118.7 1.116
3l 62 12459 122.9 1.155
2 64 12861 127.3 1.197
i3 66 13263 131.9 1.240
34 68 13635 136.7 1.285
i5 70 14067 141.7 1.332
36 12 14469 147.1 1.383
37 T4 14871 152.8 1.436
38 16 15273 158.8 1.493
39 78 15675 165.5 1.559
49 B0 1607¢ 172.9 1.625
41 B2 16478 181.6 1.707
42 B4 16880 191.0 1.795
43 aéa 17232 201.0 1.889
LL] a8 17684 212.0 1.993
45 90 180486 226.0 2.124
46 92 18488 244.0 2.294
47 94 18850 265.0 2.491
48 96 19222 295.0 2.773
49 98 15694 342.0 3.215
390 100 20096 462.0 4.343




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HPlscoGre DESIGN ITAnuBl _ _FAGE _ 5  oF 7
DETAIL S -GRAPH APPricaTZAS  COMPUTED DAaTE _
o EXAMPLE #5  __ CHECKED BY 0aTE .

@ TRA S FoRM Tue S-GRAPH (NTG A /10-rYwutTE st T- GRAPH - ISE LINEARR

INTER PolATIoA 7/ 16~ MNGTE [NREMENTS R Time AND DISCHARGE VALUES

®
ORDINA TE Teme (Hours ) Ps (cas) @52 (c7s) Pua(cFs)
! G 020 o a &
2 0-167 30 o 31l
3 o.333 11V 7 3t Eoc &
4 o.500 2789 VLY {72
5 a9 6T7 S1oad 27 89 231tz
b c.g33 ¥Eq g 5165 3297
7 { ove IN-2 84 €39% 2483
4 i-te 7 12574 1o 7% (74973
4 (333 i4a 75 j2574 1Seq
LD {1 S0 \5 3l 140785 1241
I i b7 it 282 e =
iz (-E3 3 170 43 [ 27 7&)
i 3 2006 ° 1770 5 7043 b2
) b z {67 1Bt 3% 17725 ~+83
(5 2.5323 (E548 { BI¥E 3%o
& Z.- 500 (ftoe | B 56Y 332
{7 266 T L9 Go { 8900 0o
18 2.833 14370 19 itko rio
19 3.om°2 {4d5zv 1a370 i So
Y 3167 966 5 1952%¢ 145
zi 3.333 {9745 14465 %2
22 3.500 (950 5 I 9745 0
z3 .67 (9855 19805 lev
24 2.£33 (92§ j9¢%&5S Go
25 4. o000 (29%5 ] 9425 o
26 Hel 67 2ooyS 19985 Lo
27 4373 2uod ZosdS 5
2% . Saa 2Zoo 1 b zZoo0%é ]

@ (O« Py TE LA

¥ Pue = Psy - Pse
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(o TIrUES

x.9

2.7

GearH A
S~@RAPH TAIL

3.5

@un‘ — 20,096 (F%

33

210

2.9

2.7

2.5

200#0 r*
}q5¢0 |-
\qe08

ff_:’;ﬂ FOICHIC/ T

PROJECT 4 7 ¢ __PAGE & OF 7
GETRIL . S=GRAPHN AFPPLICATionS COMPUTED o DATE __
EXAMPLE # 5 CHECKED B8Y DATE

ertE (/fau.es)



FI.OOD CONTROL DISTRICT OF MARICOPA COUNTY

BROUECT MypPretoG e  DESton’ [Iiarude. .. __PAGE _ 7 0OF T
DETAL Dt RALH ALPLicATren/S  COMPUTED . BATE
e BXAMPLE R G CHECKED BY __ _ DATE . .

NoTHE (HE BEHAVIOR OF THE tINIT-GREALH VALUES AFIER Timé =25 HMHoursoA | THis

iS5 DUE To TI17E LoaladR TimE iNCREMENT AF THE EWD of THE 5-GRAPH . To CoRRFLT THIS,

CoNSTRULT A GRAFH of THE “ Tt Bitaton 8F THE SGRAPH y LAG (T BY THE APPRoFRIATE

TimE Diwn tronts Ard SuBTescr THE ORNNATES (SFe GRAPH 0F slexr PAGE ).

f - (4 PH
TedE (ﬂauas'L D/JCUMC-C‘(CFS)
o.c80 o
o7 321
6.323 2o lo
&.Seo 167 2
o667 23r2
25373 3297
{1 ie7 Z3%3
{1+ 333 {793
/-sa- tso0
{olele 7 J21i
{833 A6é
2. .eo# TFef
2087 folp 2
2.733 483
2.Sov 3%
2667 37z
Zo
2-£83
2o
rr
5 ! 5e
3.i67 -~
3 ty;
537 g0
32 JSoe
3667 i”
g
3533
oy &
L Y.
‘f';W P
. ’.3'3 57
R ERT: o
- v i
THE ABoVE KiIT- GRAPKH SHaie B& (8D As Twe il ' CARD a0 HEC-1 .






IR RN LR S R R RN IE RSN S S AN LRl S
®

- - U.5. ARMY CORPS OF ENGINEERE
« * HAYDROLOGIC ENGINEERING CENIER
* &0% SECOND STREET

* DAVIS, CALIFORNIA 25614

* (P16) 756-1104 =
*
*

L3
* FLOOD HYDROGRARPH PACKAGE  [HIL-13
* SERTEMBER 1990

* VERSION 4.0 :
o *
= RUN DATE G6/19/1991 TINE G4:45:00
" L3
L] 1

PR LR TSN RIS 2 SR RN AR TEE N LA LS

X X KENEERK [ 39998 X
% X X X X XX
X X X X X
L9.$.9.9.9.0. S 0.9 ¢ 1 X XKXXX X
X X ox X X
X X X X X X
X X XXIEXXX XEKXX XXX

THI® PHROGRAM REPLACES ALL PREVIQUS VERSIONS OF HEC-T KNOWN AS HECT (JAN 73), HEC1GS, HECTDB, AND HEC1KMW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FRCM THOSE USED WIiTH THE 1973-STYLE INPUT STRUCTURE
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP B1. THIS IS THE FORTRANT? VERSION
NEW OPTIONS: DAMBREAK CAUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS5:wRITE STAGE FREQUENCY,

5SS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATICN

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

PR RN R NA R ERRATESEE IR ERNEF FEI I R e ey

13
L3
®
*
*

*

AU C T RERRERAFA T kR kk ko kh xRk kS k2 kdk e &



HEC-1 INPUT PAGE

s
(%,
o
D
U
N
o

oot F oo

HY SAMPLE HEC-1 RUN USING TECHNIQUES QUTLINED IN THE
Jes) HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY

(B EE RS LSRR R R SRS R RRR RS2 2t R 0 RS S R PR R AR

10 EXAMPLE #5 S-GRAPH APPLICATIONS

PR AR RS SR R R R RS2l SRRl Rt RS R Rt RR RS EaR R RIS RS

IT 10 300
v 5
KK

KM HASIM BAS-A

K THE FOLLOMING PARAMETERS WERE PROVIDED FOR THIS BASIN

KM L= 27456.0 Lca= 1584C.0 S= 269.0 Kn= 040 LAG= 56.5

KM PHOENIX MOUNTALIN S5-GRAPH WAS USED FOR THIS BASIN

A 5.19

IN 15

KM HRATNFALL OEPTH OF .40 WAS SPACIALLY REDUCED AS SHOWN BY THE PE RECORD
XM AN AREAL REDUCTION COEFFICIENT OF .9539 WAS USED

B 3.26

KM  THE FOLLOWING PC RECORD USED A 6-HOUR RAINFALL WITH PATTERN NO. 2.35

[ .000 .01 .017 .Qz27 .Q39 049 060 .avo .080 .09
BC 104 .118 .139 .184 .270 458 . 685 .822 8839 .29
PC 949 962 974 .$88 1.000

LG 25 .35 3.50 .25 1C.00

[Eh¢ 3Q09. 790. 1482, 2302, 3300. 2382, 1788, 1508. 1244, 983,
ut 763, 666, 482, 383, 336. 237, 208, 151. 151. 89,
Ul 59. 39. 59. 59. 59. 5%, 0. a. 0. 0.
Uz C. 0. a. 0. 0. 0. 0. Q. 0. 0.
12

IR PRI T IR R S RS L RN R R R R SR RS RS R RS RN RN RS R R R R YRS RN E RS RS ARSI ERRISIERRS SRS TS R

OFPERATION

HYDROGRAPH AT

¥** KRORMAL END OF HEC-1

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECQOND
TIME IN HOURS, AREA IN SQUARE MILES

PEAK  TIME OF AVERAGE FLOW FQR MAXIMUM PERIQD BASIN MAXTHUM
STATION FLOW PEAK AREA STAGE
6~HOUR 24 -HOUR 72-HOUR
3518. 4.67 %08, 229. 111. 5.1%

L3

TIME CF
MAX STAGE



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT o MYBRatoGie DESthal HMANUAL __ Pact 1 o Z._.
DETAL o LXAMPLE # b COMPUTED L. OATE
SINEMATIC whve Boutindle _ CHECKED BY oo DATE

FINEMATIC WhYE Mﬁ;i

LEGEND

ooty e WATERSHED Baund ARY

— NATURAL wASH

[ S

Can¢ RETE CHANNEL

BAsink  BounbRY

CoNCEN TRATION  PowT

e

/(5 M

f——

SCENARIOY  7HE GENERATED PEAK DISCHARGE FRomt BASiw (A) /S 7o 86 Leuvcdd

THesae H THE 1113 #17 CravneL , Fram ConCENTRATION Foin T (X} To (X
. z

ﬁkc CEDURE ! (aildeT 7THE NECESSARY DATA And PoT Sc#cmaAaTic of T/7&

CHANNEL  LRoSS SECTie N -
CHANNEL TYPE = (NCEETE; TRAPoZolbAL
CHANNEL, LENGTH = 113 MO = 5944 FReT
Avennag DEPTH = 412 feeT N\ v ’
SipE SLePE = 2+75 1 Lhod 7\ i /
rAnNING'S = o015 ! L.,_\A o2’ /
BoTrsrd wipTH = F0 FEET 75 _ ¥ /
CHANNEL  SisPE =2 2 gdo ‘FT/Ff' N 70 ! 3"1!

(oves )



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT A YPeototarc  DESian! Mixudr. _PAGE _2Z2  oF 2
CrTAlL _ EXarprE # b COMPUTED DATE
ANEHATIC WAVE  RouTir'® _ CHECKED BY —__ _ __ _DATE _

@ FRIGR Top Ruw~its THE Hee-i Mo Dt 3 CHANNEL CAPACUTY MUST B& C e kE])
7o ASSurE THAT THE DLEPTH And 7THE 306 StaPE ARE PRopeecy SELECTED
or Frow CsnYEFYANLE « STHERWLISS , THE AinemATic WAVE PRo(EOURE Wiii

AuToMA TicALLY EXTEND THE Crawvwse Soump &ics To Conw'TANY THE Frow

() THE MokE RECENT NERSOANS of /e (1988 Awd BEYewd) AccounT FoR  THE
Propfer ScLecTion! 6F THE CoMPUTATuNAL TiME STEF. THIS +S bone 8
(o fPREING  THE SecseTed Tirte STER By THE LUSER WITH THE Cordpute D
TiME STEP.  THE user MAY ANGSD To CHANGE THE SAECTED Time STER
To AVelD UNREALISTiC A TIENUATION 2F THE RKouTED PEak DISCHARGE., TH

FNCLoSED  HEC-1 PRWTouT (NCLupEs THE EVALUATions 0F THE Tms STer,



LEEE SR SR P LY A e I R LI N L T E LIS ]

R e R L R A T3 L Y T
" w
* 5000 RVIROGAsRPH PROALE  (HEC-D) * " U.5. ARMY CORPS GF #MGINEZRS *
« SEPTEMBER 1790 = * HYDROLGGIC ENGINEERING CENTER *
¥ MERSION 4.0 * ® 609 SECOND STREEY *
" v * DAVIS, CALIFORMIA 95616 -
e ORUR BATE 034, 1901991 TIME  iZ:42:%1 + ® (918) 7546-1104 =
* e * *
AAL A AF S AR AT R AR AN A AN ARV AR R E P n b m Aok EAANR LR A A AT AR R DTN Kk a R H R AR T AR T AR KR4

KoOMXOKGEKK XXKXX
X X
X X

X

X X
X

YOOKXHXX XHXX

X

X

X

o

b ool o

XRXXX

A

X
X X . X
K OXXYXHXN  XXAXX XXX

e

THIS PRNGRAW REPLACES ALL FREVIOUS VERSIONS OF HEC-! KMOWN AS HEC1 (JAR 73), HEC1GS, HECIDE, AND MHECIKY.

THEYDEF [MITIONS CF VARIABLES -RTIMP- &ND -RTIOR- HAVE CHAMGED FROM THOSE USED WITH THE 1673-STYLE INPUT STRUCTURS.
THE -DEFIHITION OF -AMSKK- OR RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN7? VERSION
NEW' GPTIONS: DeWBREAK JUTTLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS5:WRITE STAGE FREQUENCY,

OS5 READ TIME DZRIES AT DESIRED CALCULATION INTERVAL  LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM




HEC-T INRUT . PAGE 1

LIKE Do ... ..., 2. I [ Y 7o, - R ST 12
1 IC SAMPLE HEC-1 RUN USING TECHNIGUES OUTLINED TH TWE
2 D HYDROLOGIC DESIGN MANUAL
R R XA AR R R R KA KA R R R R KA R A A AN N R R KN R IR AR R AN AN AR A AR TN AR AU N AR R AR A
3 1D EXAMPLE A & - KINEMATIC WAVE ROUTING
AR A A R R A A R A AR AT A AR AR AR AR A T R R RAA T RA AR R LT R E A b AR A ExE
& iT 3 100
5 10 5

X R AR A A TR A A AN A Rk R R A N A AR AN R A A A RN A A A A AN LR AN XA AT A AT A AR R F A AR R AAAAAT &

é KK BAZ-4
7 KM COMPUTE PEAK DISCHARGE AT THE OUTLET OF BASIN-A
B XM  6-HOUR RAINFALL, PATTERN NO., 1.89 WAS USED TO FIND TC & R FOR THIS BASIN
% KM ABOYE PATTERN NO, BASED ON A TOTAL WATERSHED AREA OF 2.3 SG., MILES.
10 KH THIS BASIN USED RAINFALL REDUCTION FACTOR OF .98
iR BA 1.800
12 IN 15
i3 KM RAINFALL DEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE PB HECORD
14 PB  3.328
15 KM THE FOLLOWING PC RECORD USED A 6-HOUR STROM WITH A PATTERN Ra. OF 1.89
i6 PC .000 .009 .06 025 034 .042 0351 .059 087 .076
17 P .087 100 .120 .160 , 248 YY) il ,845 .04 939
13 PC 951 -t 976 .%88  1.000
19 LG 470 .280 7.000 L300 12.000
20 uc .817 440
21 UA 0 3 5 8 ie 20 43 75 50 P&
22 UA 100
X R R R KA A AN A R R A A A R A AT A A A AN T A A RN T A A N A R R R R RN T A A AT R R A e ek A
23 KK ROUTE
24 KM ROUTE THRQUGH BASIN-B USTNG KINEMATIC WAVE ROUTING
25 KO 1 2
26 RE $966.4 00o8 015 TRAP 30 .73
27 1
kA Ekh o akw ek WEK KER WETE wwd kv ¥R ARK KKK AWAX AmEk MRE Aww AAK kkk wkk KAX Kk RAF wFkx k¥w amk KSF ThAE AKA O ¥YEX MKW KRR EAK RRK
COMPUTED KINEMATIC PARAMETERS
VARIABLE TIME STEP
{DT SHOWN IS A MINIMUM)
ELEMENT ALPHA M DT 134 PEAK TIME TO VOLUME MAXTHUM
PEAK CELERITY
(MIN) (FT3 (CES) (MIN) {IN) (FPS})
MAIN .36 1.58 2.76 1988.80 1673.94 281.12 1.56 12.66
CONTINUITY SUMMARY (AC-FT) - INFLOWs .1499E+03  EXCESS= .0O00DE+C20 OUTFLOW= .1499E+D3 BASIN STORAGE= .26376+00 PERCENT ERROR= -.2
INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL
MAIN .36 1.58 5.00 1670.00 280.00 1.56

R W WA A AR R R A AN A A X T R A R RN R KA KA AR AR KR kA R kR R kA A AR R AR AN N R R RN T A XA Ak AN A XA AN AR AN A E AT A AR AASARARA KR
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SR {0y OUVFLDW
A0 0.

2 200
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13535
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10555
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10605
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RUNOFF ZUMMARY
FLOW IN CUBIC FEET FER SECOND

TIME IN HCURS, AREA IN SQUARZ MILES
PEAK TIME OF AVERAGE FLOW FOR MAXIMUM FERIOD BASIN
CFPERATION STATION FLOW PEAK AREA
&-HOUR 24 ~HOUR 72-HOUR
HYDROGRAPH AT
BAS-A 1482, 4.58 101, 220, 220. 1.80
ROUTED TO
ROUTE 1670, 4.67 301. 22n. 220. 1.80
SUMMARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE ROUTING
{FLOW 15 DIRECT RUNOFF WITHOUT BASE FLOW)
INTERPOLATED TG
COMPUTATION INTERVAL
[STAQ ELEMENT [ox) PEAK TIME TO YOLUKE oT PEAK TIME TG
PEAK PEAK
{HINY {CF5) (MIN} {1} {(MIN) (CF3) (MIN)
ROUTE MANE 2.76 1673.9¢4 281.12 1.3& 5.00 1670.060 250.00
GMTINUITY SUMMARY (AC-FT) -~ INFLOM= .1499E+03 EXCESSs .0Q000E+00 GUTFLOW= [ 1405€+03 BASIN STORAGE=

wm

NORMAL END OF HEC-1 *%*

MAX TMUM TIME OF

STAGE HAX STAGE
YOLUME

(I

1.56

.2637€+00 PERCENT ERROR=



,"Wm FLOOD CONTROL DISTRICT OF MARICCPA COUNTY

. 'TI TQIb?’ _ PROIELT %/VDEOC oCG/C Dtn:gj_/_q/\/ ”4 AMUAL . PAGE _i OF 2.
; netan  EXAMPLE FF COMPUTED ___ . ZATE ..
- ﬁ,/'f o S CHECKED BY . DATE ..
MUSKINGUM  ROUTING
D ACTUAL CHANNEL LEASGTM
f” —— FROM A Fa B, /2858 e
\_:'
\“\mw_“
SCENARIO DEVELOL FTUSAING UM LoUT /NG FPARAMETERS ~0OF
TAE PRIMARY CHANNEL /N SUBRASIN # 2, (iS5E
HEC ~1 770 GENERATE A FLOOCD A YDROGRAPHN AT
CONCENMTRATION POINT A, THEN ROUTE /77 EFROH
POINT A To Po/NT B.
STEP 4 ¢ DEVELOP AFUSKINGUM PARAME TERS

ASSUME AN AVERAGE CHNANNEL X-SECT7/ON FOR THE LR/T4RY
CHAMNEL /A SUBBAS/AY # 2

A CALCULATE 7THE AVERAGE VELOCITY ISING MANNING'S Lo~
A= (b+2Y)y = (25+@)N2))2 = 54 22
P= b+2y (l+23)% = 25+ (z)(a)(!-f-!z) = Z0.44 £
R= Adp = SY £t* /30.66 £¢ = 1.761 F£.
S= (1260~ u90) / (125 mi x $280 Fbpm;) = ©. 0071 *ihr
n= 0.090 ” y
, 3 2 A
V= LITRW g% - "‘”? (/tw) (oow) - 58 V5

“Tovo
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROIECT

nETAlL _E XAMPLE F F

. PAGE 2 OF _2

CHoCKED BY . DATE .

3. EST/IMATE Froobwave VELoc:/TY (Vm):

SINCE A WI!IDE TFRAFPEZOIOAL CHANMNEL /5 [BEST APPRCX (AtATED

BY A WIDE RECTANGULAR CHANNEL, CHooSE Vm/V = (&7 FRoM

THE TARLE ‘n SECT/oA 7. 6. D, .

Vm= 67V = /e7(8518F%)7 Bes ¥4
. CALCULATE K —
{
K= 125 mi X 5260 55 % i 5 X She X = 0.2i2_hn

D. ESTIMATE X :

SINCE TA/’S 15 4 A/DE, SHALLOW CHANNEL W,/ TH
A LOoW SLOPE, CHOOSE X= 0.20

E. CHECK NSTPS

NSTPSE MUST & WITHN THE LOLLow/NG LIRITS :

,.,,, £ (AMSKK *60) £ . , Aeeen 2 S e aeTES
2{1-x) ( MrMIp x NSTPS) 2
TRY wsrps= /i _ ! .21z x¢0 , __ !

3 &
2(1-2) 7 (s)(1) 2(.2)
625 £ 2.5Y4 & 2.5 —» ANO GooD !

TRy MS7TAS=2: .Z;Z;-;éo . L27, C25% 12714 25 ok

STEP 2 ¢

ENTER 7HE CALCULATEDP MUSKING UM FPARAME TERS
INTE AN HEC- L FrE ON THHE RM LARD, AS /A
THE LFOLLOWNG EXAMPLE., AHAMND CALCULATION
PROCEDURES [FOR THIS METHILD CAN BE FoOUMD /N
MAST HYDPRALAOGY TEXTEHOCKS,



EEAEAAA AR IR RN AN AR RT RN R IN R Ao k% v n

MEFAANE AW A w N r AR W R Ay Mk e Rt

X
i
#
"
T

EARFE X E T ARNRN TS AN R R R FRAR U N TSR LM A bkl wd

FLOGE 4

HUN &TE

4

YDROGRAPH PALKAGE (HEC-1) *

SEPTEMBER 195 *
VERSION 4.5

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CZNTER  *
609 SECOND STREET ‘
DAVIS, CALIFORNIA 93616
(916} 754-1104

* o R 4 o A

AR N AT RN AN R A E AN Wk xhr ww a7

L3
09/ZR/1991 TIME  13:13:09 *
L3
L

K XXX XRXYR X
X X X X X XX
X LG X X
VOO0 FXXX X WK X
X X X X X
X X X X X X
X ko OKXMXXXX  XXXXX XxX

7HIS PROGRAM REPLACES ALL FREVIOUS VERSIONS OF HEC-1 RNOWN AS HEC1 (JAN 73), HEC1GS, HECYDB, AND HECTKW.

THE SEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION QOF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP BY. THIS IS THE FORTRAN?7 VERSION
NEW OPTIONS: DAMBREAK QUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATIDN, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESTRED CALCULATION INTERVAL  LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE  HEW FINITE DIFFERENCE ALGORITHM



2z

24
25

HEC-1 INPUT PAGE
oo Tooooo, R D oo oo G, Toen 8....... ¥ .10

in SAMPLE HEC-1 RUN USING TECHNIGUES OUTLINED IN THE
ID  HYDROLOGIC DESIGN MANUAL FOR MARICORA COUNTY

KAk R R R KR A A R R R Ak ek R kR A R ARk A AR R kAN AR AT R T AR RA TN R ®

1D EXAMPLE # 7 - MUSKINGUM ROUTING

X AL R R R N N A AR R A A A A A A A A e ke kA R A A A A A A A A TR RE N RN

1T 5 100
1o 5
KK INFLOW

Kh SUE-BASIN A, COMPUTE INFLOW HYDROGRAPH

KH &-HOUR RAINFALL, PATTERN NO. 1.9% WAS USED TO FIND TC & R TOR THi% nASIN
K THiS BASIN USED RAINFALL REOUCTION FACTCR OF ,975

BA 2.750

IN 135

KM RAINFALL DEPTH OF 3,50 WAS SPACIALLY REDUCED AS SHOWN BY THE FPB RECORD
PB 3,413

4,1 THE FOLLOWING PC RECORD USED A &-HOUR STROM WITH A PATTERN No. OF 1.99

PC 000 009 .06 Q25 034 042 .051 059 .067 .07%
PC .0a7 .100 .120 L1683 .252 -1 695 838 .00 .938
PC .950 963 .975 .988  1.000

LG .200  .350 4,300 L2530 4.%00

uc .400 205

UA 0 3 3 ) iF4 20 43 75 20 26
UA 100

LB R LRSS R R R Rl 2Rttt Rl iR RS NRR RN R RRE]

KK ROUTE

KM ROUTE INFLOW HYDROGRAPH THROUGH THE ROUTING REACH
KO 1 2

RM 2 212 .20

77



LT VA e e ik dodedr etk ok A iR dewR AR W RWTR ek Wk vk A ki R ke dert ek ks ket kws delow dewb bl Wder Y i kW
S +
5 ¥R = INFLOW v
oo s Aok e Tk R
COMPUTE INFLOW HYDROGRAPH
9 34 SULBASIN CHARACTERISTICS
TAREA 7,75 SUBBASIN AREA
PRECIPITATION DATA
10 P STORM %40 BASTN TOTAL PRECIPITATION
141G GREEN AND AMPT LOSS RATE
STATL .20 STARTING LOSS
DTH .35 MOISTURE DEFICIT
PS1¥ 4,30 WETTING FRONT SUCTION
XKSAT .25 BYDRAULIC CONDUCTIVITY
RTIMP 6.50 PERCENT IMPERVIOUS AREA
15 uC CLARR UNITCRAPH
C .40 TIME OF CONCENTRATICN
R .20 STORACE COEFFICIENT
16 LA ACCUNULATED-AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0 12.0 20,0 43.9 75.0 90.0 36.0
e
e
URIT HYDROGRAPH PARAMETERS
CLARE TC= .40 HR, R= .20 HR
SNYDER TP= .34 HE, CP- .88
UNIT HYDROGRAFH
16 END-DF-PERIOD ORDINATES
189. 605, 2046, 4185. 4534, 3290. 2178. 1442, 235, 832,
418, 277. 184, 122, 81, 53,

W 3 e sl e T e v i e 8ol e e ol sk e 2 i e e ale v e ok ol e ey ol s v R e ol e ek e ol e e e s e sk ol ok ok v el i ol el i e o e e R T O L e T i e R e R e e e e R e e e e R R i ke o il Aol e oA e e e ek o

TOTAY, RALNFALL =

3.41, TCTAL LOSG = 1.69, TOTAL EXCESS =« 1.72

PEAR FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 5. 17-HR
+ o (CES) (HR)
(CFS)
+ 3835, 4.25 505. 452, 492, 492,
(1NCEES) 1.769 1.709 1,709 1,709
(AC-FT) 251. 251. 251. 251.
CUMULATIVE AREA »  2.75 3Q MI
R Wk Wl wRl Tk WUk WAk Wl ek Wt ke dedde Rdede R el deder kde ddar e e oAb RW dith WER ke s Tk hhkd Wik e srdar Rl ek



VO e e e e Yo

i8 KX R ROUTE  *
L *

ek ke e Rk R R
ROUTE INFLOW HYDROGRAPH THROUGH A ROUTING REACH

20 X OUTPUT CONTROL VARTAELES
IPRNT 4 PRINT CONTROL
IPLOT 2 PLOT CONTROL
QSCAL . HYDROGRAPH PLOT SCALE

HYDROGRAPH ROUTING DATA

2L B’M MUGSKINGUM RCUTING
HETPS 2 NUMBER OF SUBREACHES
AMSEK .21 MUSKINGUM K
P4 .20 MUSKINGUM X

e e e o 2 e 3 e S e e Y oA o R 3 R R A R e R R e g e o e o Tk e e o o e e e e e A e e e e A e e e e ol e o ok ol e e o e e e R e ok e 32 e e e e o e o T e e i T 3k st o R e e e v T e

HYDROGRAPH AT STATION ROUTE

e e e e o e T e e e ok e o vk sk vk ok ok e vk ok o e ok kol e e e Y i ke e o Y e e e e ik e ook o ok ke A e e ok Y e ke e ol e ke e e i sl e i i e e el e ol ol vie i i s v e e v i 5 e e e e s e e e e e TR R R

DA MON HRMK ORD FLOW % DA MON HRMN OD FLQYW  * DA MON HRMN¥ ORD FLOW * DA MON HEMK ORD PLOW

* * 5
12 JUL 0060 L 0. % i2 JUL 0135 20 13, % 12 JUL 0310 39 20, o+ , 0445 58 2419,
12 JUL 0005 2 0. % 12 JUL 0140 21 13, % 12 JUL 0315 40 23, % 0450 59 1941
12 UL 0016 3 6. = 12 JUL 0i45 22 13, % 12 JUL 0320 41 26, % 0455 50 1502.
12 JUL 0015 & ¢ & 12 JUL D150 23 13, % 12 JUL 0325 42 32, » 5500 6l 1124,
12 JUL 0030 5 t. % 12 JUL 0155 24 13, % 12 JUL 0330 43 4. L G505 62 14,
12 JUL 0025 6 fo0 % 12 JUL 0200 23 13, % 12 JUL 0335 44 57, * 0510 63 575.
12 JUL 4030 7 4, % 12 JUL 0205 26 13, * 12 JUL 0340 45 93, 0515 &4 193,
12 JUL 0035 8 6. % 12 JUL 0210 27 13, % 12 JUL 0345 46 178, % 12 JUL 0520 65 270,
12 JUL 004C 9 g, * 12 JUL 0215 28 3. % 12 JUL 0350 47 355, * 12 JUL 0525 68 181
12 JUL 0045 1D 9. + 12 JuL 0220 29 13, * 12 JUL 0355 48 685, % 12 JUL 0530 &7 121.
1z JUL 0050 1l 10. * 12 JUL 0225 30 13. * iz JUL 0400 49 1184, % 12 JUL 0535 48 az.
12 JUL 0055 12 i1, % 1z JUL 0230 31 13, = 12 JUL 0405 50 1775. % 12 JUL 0540 &9 56.
12 JUL 0100 13 12, * 12 JUL 0235 32 13, * 12 JUL 04l0 5} 2375.  * 12 JUL 0545 70 40,
12 JUL 0105 14 12, * 12 JUL 0240 33 14, % 12 JUL 04i5 52 2925, * 12 JUL 0550 7] .
iz JUL 6110 15 13, % 12 JUL 0245 34 15, % 12 JUL 0420 53 3348, % 12 JUL 0555 72 5.
12 JUL 0115 16 13,  + 12 JUL 0250 35 15. w12 JUL 0425 54 3550, % 12 JUL 0600 73 22.
12 JUL 0120 17 13. % 12 JUL 0255 36 16, * 12 JUL 0430 55 3499, % 12 JUL 0605 74 21,
12 JUL 0125 !B id. %17 JUL 0300 37 17. % 12 JUL 0435 56 3254, % 12 JUL 0610 75 20,
12 JUL 0130 19 13, = 1z UL 0305 38 18, % 12 JUL 0440 57 2879,

* * *

oo ¥ dot e ek ot o ek ok s s T e T R e R o e T de e ek vk 3k e v v i ok ks el she e o i o ol i v iy e e i v ok i e v i e e ok v e e e e e sl ke v i e v ke ol e ke e 3 i e vk e el e ke e ke ol e ol e v e e e vie v e e ol e o o e kel e e v e Tl e e ek

PEAK FLOW TIME MAXIMUM AVERAGE ZLOW
&6-HR 24-HR 72-HR 6.17-HR
* (CFS) (HR}
(CTS)
+ 3550. 4,42 505. 491. 491, 491,
{INCHES) 1.706 1.706 i.708 1.706
{AC-FT} 250, 250, 250. 250.

CUMULATIVE AREA = 2,75 SQ MI




STATIUN  ROUTE
1) INFLOW, (O] QUTILOW
Q. AN 1Co0. 15G5, 2000, 2500, 3000, 1500 260G, G 0. o G.
DAHRMN PER
120000  ilowmocmmmmm,mom cemmnn s e e et m e =y o m R m a4 sy oS mm = o n = | m e me e
120315 4001 . . .
120320 452, . o oo - . s e e . . .
129325 42.I .
120330 43.01 . )
120335 4.0 1 . .
120340 45, 0 i . . . . . .
120343 46. O . 1 . )
120350 47, o 1. . . . , ; ;
120355  48. o H
120400 49, g .1
120405 50, . . o . 1 ;
120410 51. . . . . o, C e T o v e w i e .
1720415 52, . . o. I
120420 "53. f . 0 1
126425 54, . . .1 .0
12043055 . 1. 0
120435 56, 1 . c
120640 57, . 1 G .
120845 58, : 0.
150450 59, I 0.
120455 60. z o . .
120500 61, i .. 0. e e e . .
-1206305  62. ] o . .
120510 €3. 1 e \ . . .
120515 &&, I- 0 . .
120520 65. 1 © . . . .
120525 6.1 O . . . .
120530 67.10 . . . . . .
120535 68.10 .
120540 6910 . A
120545 7010 .
126550 711 C e R e e e e e . . .
120555 7210 . .
20600 731 . . .
120605 741 . . .
120610 75lccmmcanmr, mrmmmmmcm ymmmmmen e mmmm em e amuan pmmm—mam—— e e mammmm ey i cammmm e mmmmm e mmmm e
RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME I HOURS, ARTA IN SQUARE MILES
PEAR  TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MATIMUS TIME GF
OPZRATION STATION TLOW PEAR AREA STAGE MaX STAGE
&-LOUR 24-HOUR 72-HOUR
HYDROGRAPH AT INELOW 3835 4.25 505. 492, 492, .15
ROUTED TO ROUTE 18R, 4,62 504. 451, 491, 275

=% NORMAL END OF HEC-1 ***






FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROGECT [{DecoGic DESIN  PlANyAC eagE /o T
DETHIL EXAMPLE # B o - COMPUTED i _DATE
UK auM - CUNGE Ko Tin&  CHECKED BY o _DATE __

_MysKindgurt = Cuntae ReuTintn

LEaeND
i WA TERSHED Bomona;/
T — ANATURNL WASK

- o R A TING REACH
—m = BASIAS 5ouﬂbr‘?R7/

@ CanCEN TRATION PolnT

SCENAR L Y THE & ENERATSD PEAK DISCHARGES FRoM BASin (B) 5 To BE ReuTED Tiesuas

THE 13 M CHANNGL » FRror ConCENTRATioN PenT &) To &) 8y FeasT
o 3
ASSuMiafte AN (JRRANIEED LHANKEL A&D THEAN A _NATUEAL CHANNEG -

PRo(E DURE FoR THE LIRBANIEED CHawvee: Coweccr THE ,(/Ea.-‘_s,mrzy DATA AND ALSC

PROVIDE THe ScHEMA Tic oF THE CHAwnEL CRaSS SECTion’
CHanNEC TYPE: ConCRETE> TRAPo FordAc

CrHanm el Ledain! /13 M/ = 59664 FEET

AVerans DEPTH ! 62 FEeT \ l /
S/HE StoPE 1 075 too - ‘
f — J all
MANNING'S © 015
+75 1

BoTrort wip7eH + 320 FeeT

CHANNEL Siepe: - o0t8 FEET fFeer
{\@uc'g )



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT _/1YDlstotii DESIon  [MAniiar. PAGE _Z oF & _
NETAIL __EXAMPL:S # 8 COMPUTED e DATE .
LIS KNGum - Cundta & FouTiNG _ CHECKED BY . DATE

@ FEoR Tb RusaiNg THE HEC-l Mopee ; CHanaEL Cﬂf,{c,-r?/ Musp BE CHECKED

To ASsurs THAT THE DEPTH ANO THE 3t06 SWFAPE Aee Pﬁo,ﬂg‘ecy SELECTED

FoR Frow CIWNEYANCE . OTHER W/Se, THE uSKinauM-CUNGE Pricldu RS wic.

AdTopmaTICALLY EXTEND THE CHAMNEC BounpDARIES Tp CoNTAIN THE FTiaow'

(B THe Hecwi PRocepuges bo AwunT For THE FrRePER Secccton or THE Coxpura: |

TirME STEP. THIS 15 Boné 8Y CLoMPARANG THE Seiecrep 7ime STER By THE SER

Wi TH THE ClortPuTcd TiM&E STEL.

THE TiMe STEP LA B ADTUSTED FoR A MoRE REALISTiC VALUE.
HEc -1 PRNToUT (N CeuptsS THE EVALUATION JF THE Tims STEP.

PRUCENUE ok THE MATurAL (HAVNEL,

ProuiDE THE ScHeEMATIC 6 THE (HammeL CRiSS SecTion,
T HAnnEL TyPE: AATURAL W TH SoMéE VEGCTAToN AND BAdK STaf4uf

CHANNEL  LEMGTH . [ 13 M = 59464 FrEET
AYERAGE DEeis ¢ & FEET
CHannee StoelPE: o038 FEET%'EEF

(20&, gq)

5 UNREALISTIC ATTENUARTION 1S EXPERISNCED,

THE ENCLOSEL

(utl SCT  THE AECEssary DATA » Ard ALSt

MAIN J__ RiawT

i

CHANNEL o : OVER BANM
!
1

¥ (Z290, 54)

OUER BANK

=035 n=T055 (280, 1)

LZ"G’ 31) TMn=-09

(z2z0,71) (270;7‘1)

(zeo, 75)

(2 3oy 75)

3O (F SuFFICIENT CAPAUTY (S AT PRoviDED FoR Flow CoNVEYANCE, THE Hecy

MoDEC Wite PRINT A WARwiAly (NOICATING THAT CHANNEC RodnpARiss AeE€

LFXTENDED FOR PROPER CLoWvE YAACE |



NS S EATEATELEEE L EREE LR ERRIE LR S LR SELY 4

L3

x 4 % A

®

"

BN AR A AT AR AT R AR N TR AR R A F A R Y,

FLOGD H

RUN DATE

*
YDROGRAPH PACKAGE (HEC-1) * * 1i.5. ARMY CORPS OF ENGINEERS
SEFTEMBER 1950 r * HYDRGLOGIY ENGINEERING CENTER
‘JERSIGN _;!;; & L3 6309 SECGND STREET

- * DAVIS, CALIFORNIA 9568168

.

x

*

D5/15,9991 TIKE 94:30:15 # (916) 756-1104

A AN AN R E A A R R KA AR R R T RRRA NN R A2 A

X X XXXXXAX XXXXNX X
X X X X X xx
X X X X X
XKWL {EX X OO0 X
X X X X X
X X X X X X
X N 0000 MOOMX XXX

THIS PRAOGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWW AS HEC1 (JAN 73), HEC1GS, HECTDB, AND HECIKW.

THZ DEFINITIONS OF VARIABLES ~RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTUKE.
THE DEFINITION OF -&8MSKK- ON RM-CARD WAS CHANGEO WITH REVISIONS DATED 28 SEP B1. THIS IS THE FORTRAN77 VERS{GN
NEW OPTIONS: CAMBREAK QUTFLOW SUBMERGENCE , SINGLE EVENT OAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

. DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

TALALE KRR R AR R RAR TR Ak kAR R Rk ARk Rk ARk

=
L
*
x
x
L
I
x



PAGE 1

AL

078
.939

26

HEC-" INRU
LLINE 10, 1 z 3o b 5.. ... oo B....... 9
g §s SAMPLE HEC-7 RUN USTNG TECHNIGUES OUTLINED IN THE
2 m HYDROLCGIC DESIGN MANUAL
W oRREA AR TR RN AR R AN AR AR AR R R A A AR AN E At AN R A N A A RN AN AN AR N T RN AN AN
3 ID EXAMPLE # B - MUSKINGUM-CUNGE ROUTING (URBANIZED CHANNEL)
LR 221 R TR s sl Ry s s R R AL R LRI E R L SR R R R LR .
4 7 5 100
5 10 5
T oAAE A A A A AR E R kR Ak A R e kAR ARk kR A AR AR R R Rk AR AR RN AN AR AR RN Rk N T g AR AR R AR AR
8 KK BAS-A
7 KM  COMPUTE PEAK DISCHARGE AT THE OUTLET OF BASIN-A
a KM 6-HOUR RAINFALL, PATTERN NO. 1.8 WAS USED TG FIND TC & R FOR THIS BASIN
3 KM ABOVE PATTERN NO. BASED ON A TOTAL WATERSHED AREA OF 2.3 sQ. MILES.
10 KM THIS BASIN USED RAINFALL REDUCTION FACTOR GF .98
1 BA  1.800
i2 IN 15
3 KM ARAINFALL JEPTH OF 3.40 WAS SPACTALLY REDUCED AS SHOWN BY THE P8 RECORD
14 PE 3.326
15 KM THE FGLLUWING PC RECORD USED A %-HOUR STROM HWITH A PATTERN No. OF 1.89
16 PC .DDO  .0O% 016 025 034 (042 .051 059 047
17 PC .087 100 120 .160 .248 T i .B&45 .904
18 PC 951 966 976 588 1.000
1% LG 170 .280 7.000 .30 12.000
20 uc  .817 440
21 UuA 0 3 5 8 12 20 43 75 S0
22 UA 10C
HoAwA RN A R o e g e R e A R ok ok ke R e A o e e T R O W e Ak O ok ok ok kg
23 KK  ROUTE
24 KM ROUTE THRDUGH BASIN-B USING MUSKINGUM-CUNGE ROUTING
25 KO 1 2
26 RD 5966.4 .00DB  .015 TRAP 3 75
27 2z

Fefr wwxw HAK FADT THE WEWF Wwr

ELEMENT

MAIN

HAIN

COMPUTED MUSKINGUM-CUNGE PARAMETERS
COMPUTATION TIME STEP

ALPHA M BT DX PEAK TIME TGO VOLUME
PEAK
{MIN} (FTY {CFS) (HIN) CINY
.36 1.58 5.00 2983 .20 1595.11 285.00 1.55

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL

36 1.58 5,00 1595.11 285,00 1.55

CONTINUITY SUMMARY (AC-FT) - INFLOW= .1499E+03 EXCESS= .0COQE+D0 OUTFLOW= .14PCE+03 BASIN STORAGE=

Frhk kkk kRkF FAK REAX ARk AAkA kwk AAK Akk AFE kkAk AAE WRAN wak kAN RARK RFa TR aed AAR FAE kke kA kERk kA

MAX IHUM
CELERTTY
(FPS)

g.81

.1894E+0D PERCENT ERRCOR= b

W KK Kk kRl R KA A AR R A R N A A A A A AR R A AN RN A I R RN R R R AR AR AR A AR AR AR A A R R AR A R R AR A AT AR AR A AN AT AN R TRRRR



L, (0 CUTELOW
C. 200. &00. 00, B, 1300, 1200, TR, TG00 1 Val 0. G. 0.

SAHRMN PER

ADOGD 1T mmmmme e o n wm v e e mm e mmm == e e e e mo | e s Emmm e | e e L R A Mo e o e a | B
10225 30.1
10230 3.1
10235 32.1
10240 33.1
10245 34.1
10250 35.1
10255 36.1
10300 37.1
10305 3B.1
10310 39.1
10315 40.1
10326 41.1
10325 42.1 . \
10330 43.01 . \
10335 44.01 .

10340 45.0 ] . . . . ) . . . .
10345 46. 0 1 . ) . . . . . . . . .
10150 47. O T . . . ) . . .
10355 48, 0 1
104600 49, 4] \ .

10405 50. o . .1 ,

10610 ST, . . . . 0. e e e e e

10415 52. . .0 . . I .
10420 53, . . .0 . . .1
10425 54. . ) . . . . . .

10430 55. . . . . . .0 . o1
10435 55, . . . . . . .G .ot

10440 57. ™ ) . . . . . . G,

10445 58, . . . . . . . I o]

10450 59, . . ) . ) . T, o .
10655 0. , . . ) ) 1 .0

10500 81, o .« e e e e e s 0L

10505 62, : . . 1 . 0. .

10510 &3, , . . 1. o} . .

10515  6h. ‘ ) . 1 .a .

10520 45, . ; 1 . 0 .

10525 &6, . L1 . ©

10530 67. ; I 0 .

10535 68. . ] .
10540 69. .1 .0 . . . . .
10545 70. N 0. . . . . .

10550 71, . . . .1, . 0. e

10555 72, I. 0

10600 73. I .0

10605 74, 1 0

10610 75. I o.

10615 76. I 0O

10620 7. 10 .

10625 78. 10 .

10630 79. I &

10635 80, [ O

10640 81. 10.

10645 82.1 0

10650 BI.10

10655 84.10

10760 B5.10

10705 BdIo

107110 8710

10715 8810

1072C BS10

10725 %01

10730 511 .

10735 %21

10740 %31

10745 @41

0750 951

-

—

—

o



OPERATICN STATION

HYDROGRAPIK AT
BAS- A

ROUTED TO
ROUTE

ISTAG

ELEMENT e

MTNY

ROUTE MANE 5.Q0

CONTINUITY SUMMARY (AC-FT) - TKFLOW=

*w% NORMAL END OF HEC-T ==k

C1499E+03 EXCESS=

RUNCF [ JUMHARY
FLOW IN CUBTL FZET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

PEAK TiME D% AVERAGE FLOW FDR MAXIMUM PERIOQD BAGIN MAXIHUM
FL0W PZAK AREA STAGE
&-HAUR 24 -HOUR 72-HOUR
1482, 4.58 303, 220, 220. 1.80
1595, 4.73 299, 219. 219. 1.80
SUHHARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE ROUTING
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOM)
INTERPOLATED TO
COMPUTATION INTERVAL
PEAK TIME TO YOLUME oT PEAK TIME TO VOLLUME
PEAK PEAK
(CFS) {MIN) {IN) {MIN) (CFS) (MIN) {IN)
1595. 11 283 .00 1.5% 5.00 139511 285.00 1.55

.DODQE~CD OUTFLOW= ,1490E+03 BASIN STORAGE=

TIHE QF
MAX STAGE

.18P4E+00 PERCENT ERROR=



WECoT INPUT R FAGE 3

LINE U - S I Gl 5. ..., [ T B....... R
3 in SAMPLE HEC-3 RUM USING TECHNIQUES OUTLINED IN THE
i N HYDROLOGIC DESIGN MANUAL
L I R RS 232 R R FE RS A S R R N LR PR RS RS SRS A2 S F S SR RER L LS R E)
3 i EXAMPILE # 8 - MUSKINGUM-CUNGE ROUTING (¢NATURAL CHANNEL)
LA AN NSRS R I ERRNSER NIRRT LR SRS ERTLR RS RESES SISl ESERYRESLTLILL SN 1
4 IT 5 1400
5 10 5

LR S S NS SR AR RS S R R T IY E EEES IR I E 22T NSRS 222

& KK 2AS5-A

7 KM  TOMPUTE PEAK DISCHARGE AT THE OUTLET OF BASIN-A

8 KM &6-HQUR RAINFALL, PATTERN NC. 1.B% WAS USEC TO FIND TC & R FOR THIS BASIN

kS KM ADOVE PATTERN NO, BASED ON A TOTAL WATERSHED AREA OF 2.3 SG. MILES.

10 KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .98

1 BA 1.500
e N 15

13 &M RRIMFALL DEPTH OF 3,40 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD

14 PR %128

45 KM THE FOLLOWING PC RECORD LSED A 6-HCOUR STHOM WITH A PATTERN No. OF 1.B%

14 Be 000 .00%9 .016 025 .034 D42 051 059 067 .076

17 eC .0B7? 100 .1eo 160 248 443 710 .B45 904 L9339

18 Pe .951 964 976 .988 1,000

19 ) 170 .280 7.000 .300 172.000
a0 uc 817 &40
21 UA 0 3 5 -1 12 20 43 75 @0 96
22 ua 100

M oA AN AN RN AN A R RN Rk Ak kA R A A AN R R AN AR R A AR A AR R A A TRk L oW

23 Kk ROUTE
24 L4 ROUTE THROUGH 8ASIN-B USING MUSKINGUM-CUNGE ROUTING
25 K0 1 2
26 20 :
z7 ac .05 .035 .055 5984.4 .0008 83.0
28 X 200 210 220 230 260 270 280 290
% i 84 g4 79 75 75 7% 81 83.5

30 i

okt lrurdl Aws XMW O WEY S E o wR el Ak Ewk AR KA AWRE EWW Wk AXW EAM WK kak kA E ok Rk k ko Wk Gawr ahw Hkk kEkR WAk kokd kg kww
CROSS-SECTIOM DATA
w-- LEFT QVERBANK ~-=- + ==cwco- MAIN CHANNEL ----~-- + --~ RIGHT OVERBANK ---
29 RY ELEVATION 84 .00 81.00 79.00 75.00 75.00 79.00 81.00 83.50
28 RX DISTANCE 200.00 210.00 220.00 230,00 260.00 270.00 280.00 290.00
CCMPUTED STORAGE-OUTFLOW-ELEVATION DATA
STQRAGE 20 1.79 3.70 5.74 7.89 10.17 12.57 15.09 17.73 26,49
QUTFLOW .00 8.62 27.65 54.97 89.89 132.07 181.39 237.79 301.29 371.94%
ELEVATION 75.00 75.42 75.84 76.26 76.68 77.11 77.53 77.95 78.57 78.79
STORAGE 23.39 26 .51 29 BB 33.49 37.35 41,43 45 .69 50.13 54.74 59.54
QUTFLOW 455.95 554,24 661,44 777 .84 203.73 1039.76 1185.64  1341.30 1506.83 1682.33
ELEVATICON 79.21 79.63 80.05 80.47 80.89 81.32 B1.74 82.16 82.58 B3.CO

COMPUTED MUSKINGUM-CUNGE PARAMETERS
COMPUTATION TIME STEP

ELZHENT ALPHA M oT 326 PEAK TIME TO VOLUME HAXTMUM
PEAK CELERITY

(MIN) {FT) (CFS} (MIN} {IN) (FPS)

MAIM 5.00 1491 .60 1287.13 £95.00 1.51 4.44

INTERPOLATED TQ 3PECIFIED CCMPUTATION INTERVAL
MAIN 3.00 1287.13 295.00 1.51

CONTINUITY SUMMARY (AC-FT) - INFLOW= .9499E+03 EXCESS= ,OOO0NE+00 QUTFLOW= .1452E+03 BASIN STORAGE= .5683E+00 PEACENT ERROR= 2.7

R AR AR A A RN RN AN R R b YRR A TR A AR AR AR T AN N ARk A AR AR Ak AN A A R R AR A T A AR R AR AR R AR R Tk Rk A Rk W R AT AR AN R A AW XE IR k&



STATION ROUTE

113 INFLOM, {0) QUTFLOW

0. 200 400, 50C. 800. 1000, 1200. 1400 1600. 180 G. a. 0.
DapirMN PER
FO000 Tl-swmeamuw L e mem e Cmeem—ammn Lmremm———— - mm————- B Smemmm——— S B Rt Lmmmmmmeo - Lmmemm e .
10225 0. . . . . . . . o

10220 3%,
Qs 32,
10240 33,
10245 3k,

10250 35,

10285 36. .

10300 7.

10305 38, .
10310 39

10315 40,

13320 41,
10325 42,
10330 43.
10335 44

OO OO DT O D v v a1t bt oam bt 4t b v b

1G340 45.0 1

10345 46. I

10350 47. .

10355 48, 1

10400 4%, [

10405 50, 4

10410 51. Q0 . . . . . . . oo oo .

10415 52, ol . . . . 1. .

10520 53, .0 . . . . o1 .

10425 54, . . . . . . . I .

10430 5. . . . 0 . . . . 1

10435 36, . . . . ¢} . . . . 1

10440 57. . . . . . 0 . . 1

103445 58, . . . . . 0. . 1 .

15450 5% . . . . . . 0 I. .

16453 &0. . . . . . 1 Q

o - e A * I

10585 S2. . . . o0 . .0

1C45%0 6%, . . I . . Q.

i0%13 Aa . . 1 . . 0

10524 45, . . 1 . . 0,

10525 66. . 1 . . Q .

13530 67. . . . 0 '

10335 &8, . v . . 0 . .

10540 6% I . .0

10545 70. T . o . . .

10350 71. . . . I o o oD s oL s e e

10555 72. i N . . .

10500 73 ) S a. . . . . . . . .
10505 74. ! . c . . . . . . . . .
10510 75, 1 . 0 . . . . . .
10615 76. I . 0

1a6z20 77 1 ] . . . . . . . . . .
10625 78, 1 0 . . . . . . . . . ‘
10630 9. 1 0. . : . . .
10635 80. 1 o .

10640 81, 1 . .0.

10645 B2.1 o

10650 B3.1 o]

655 84,1 O

10720 B85.1 O . . . . . . . . . . .
10705 B&I D . . . . . . . . . . .
10710 871 9 . . . . . . . .
10715 881 O

10720 8%I ©

1072% 90I 0 . . .

10730 211 Q . . . . . o e e e

10735 21 0 .

10740 931 0 . . . . . . . . . . .
10745 9410 . . . . . . . . . . .
10750 9310 R . . . . . . . .



EUNQFF SUMHARY
FLOW 1K CUBIC FEET PER SECOND
TIME 1M nOURE, AREA IN SGQUARE MILES

PEAK TIME OF AVERAGE FLOW FUR MAXIMUM PERIOD FASIN MAXIMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE
4-HOUR 24~HOUR 72-HOUR
HYDRDGRAFE A7
+ BAS-A 1682, 4.58 301, 220. 220. 1.80
ROUTED T2
+ ROUTE 1287. 4.92 291. 213, 213, 1.80

SUMMARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE ROLTING
(FLOW [S DIRECT RUNOFF WITHOUT BASE FLOW)
INTERPCLATED TO
COMPUTATION INTERVAL

ISTAG  ELEMENT T PEAK  TIME TO VOLUNE DT PEAK  TIME TO VOLUME
PEAK PEAK
(HIN) (CF5) (HIN) {IN) (MIN) {CFS) (MIND {INY
ROUTE MANE 5.00 128713  295.00 1.51 5.00 1287.13  295.00 1.51

CONTINUITY SUMRARY (AC-FT) - IMFLGW= .1499E+D3 EXCESS= .COCDE+O0 OUTFLOW= .1452E+03 BASIN STORAGE= .SSB3E+00 PERCENT ERROR:-«

*x* NORMAL END OF HEC-1 #**

i~












[ge)

Ingert the SDMSW CD in the CD drive (here denoted as X:). The CD contaimss
an autorun file and installation should begin sutomatically. If nor, from
the 3tart menu, type X:\DDMSW\Setup at the RUN command {substitute your <D
drive letter for X).

vollow the instructions on the screen. Once instzllation has finished,
start the program by double-clicking on the DDMSW icon. You will receive
the following message:

Click CK.
Next, you will see the

2

Click "I Agree"”






Select Project.
‘ B S EX AMDLE

: Dﬁa }Single Starm, 6 Hr, Green Amm, Clark, Normal Depth

v ey

Project Localion ] Maricopa County, AZ

' Path to Model Runs | DSYSTEMS DDMSWWODLRUNS EXAMPLE{!

7Y CZlick the Exit button.







£

FrnJEctL,ur.a‘i f

Pama uudns Ao 1

5y Click QK.
10} From the pulidown menus at the top of the main DDMSW screen, choose
FILE ; SETUP. You should see the following screen:

11} T¢ use the DDMSW help files, you must have Adcbe Acrobat installed on your
system. Included in the DDMSW installation is the setup file for Adcbe
Acrobat 4.0, or you access the free download from www.adobe.com.







[y
i)

14,

1%

If you do not have the Adobe Acrobat Reader, ycou can use the instaliation
£ile zhat was included in the setup. Go to C:3DDMSWAADOBE\ and run the
setup file "rsdleng.exe" Once Acrobat is installed, type C:\PROGRAM
FILES\ADOBENACROBAT 4.0\READER\ACRORD32.EXE in the Help Reader hlock, as=~
shown in the above screenshot. Note: The exact path may differ from what
is shown. If s, type in the correct path, or use the Browse option {the
button with three dots) to find the correct path.

If you slready have Adcbe Acrobat Reader installad on your system, type in
the correct file path in the "Help Reader™ block, or use the 3rowse option
{the butron with three dots) to find the correct path.

Similarly, you must also define which text editor DDMSW should use (usually
NotePad or WordPad) by typing the correct file path in the "Text Editor”
tioek, or using the Browse button to locate the correct file. See above
screenshot for example of using WordPad under Windows NT.

For detailed instructions on using the program, please see the User's
Manual, which can be accessed through the HELP pull-down menu, or opened
directly from C:\DDMSW\HELP\MANUAL.PDF.






The foliowing is a list of all the confirmed bugs found so far, KVL is working to resolve these

issues and we will post the patch on our website as soon as possible. [n the meantime, piease

be aware of these items (especially 1, 2, 7 and 9) and pass this along to anyone you know who is
using the program. -

Chris Perry, P.E.

Flood Control District of Mancopa County
502-506-4001 Phone

502-506-4601 Fax
http://www.fcd.maricopa.gov/

1) The program allows the user to duplicate a current Project ID when creating a "new” project
under the File pull-down menu.

2) If a project includes subbasins that use the Desert/Rangeland S-graph, DOMSW issues the

error message, "CSGRAPH not found" when the user chooses the "Develop Draft Model

Data" command from the HEC-1 puli-down menu. DDMSW then creates an incorrect HEC-1

madei.

When importing soils data, the map units do not show up in "Detail” tab of the Soil Data

editor. Similar problems when importing land uses. This does not affect the data updates or

creation/update of HEC-1 model. The only "problem"” is that you don't see the map unit latel
in the detail tab.

4y Cannot import from latest Excel version - the first record (row) is deleted during the process.
User has to save in Excel version 5.0 format for impoert to work correctly.

5) Program iocks up when it encounters a non-default map unit while updating soils data. You
cannot choose a "non-default” map unit from the pull-down, but you can enter one in the List
tab. After that, you can't do anything else in the program. This is essentially a nuisance
1ssue that results from a typo or other input mistake.

&) If the user specifies different methods for Basin and Reach Routing, theré are errors in the
HEC-1 model reuting cards created by DDMSW.

7) Kb calculated incorrectly in the Rational Method module.

8) DDMSW does not allow user to change the number of ordinates on the IT card - always
forces 2000.

9) DDMSW does not updaie the HEC-1 file with changes to basin area (BA).

L]
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Comment Sheet

Your comments regarding this manual are valuable to us!
g

To help us determine what we can do to improve this
manual so that 1t better suits your needs, please take
the time to f£ill out this form. Once completed, you can
either FAX us a copy at (602) 506-4601, or mail it to
ug. Thanks!

what did you like most about the Manual?

Wnat did you like least about the Manual?

What recommendations or suggestions do you have for improving the
Manual?

2dditicnal Comments:

Would you like us to contact you regarding the above?

Your Name:
Company Name:
Address:
City, State, & Zip:
Area Code, Phone, & Extension:
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